(19) 



J 



(12) 



(43) Date of publication: 

16.12.1998 Bulletin 1998/51 

(21) Application number: 98304649.1 

(22) Date of filing: 1 1 .06.1 998 



Europaisches Pa t e nla ml 
European Patent Office 
Off ice europ^en des brevets (11) EP 0 884 626 A2 

EUROPEAN PATENT APPLICATION 

(51) im. Cl.«: G02F 1/139, G02F 1/1337 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 
MCNLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 12.06.1997 JP 155437/97 
27.08.1997 JP 230982/97 
27.08.1997 JP 230991/97 
30.09.1997 JP 266937/97 
26.12.1997 JP 361384/97 

(71) Applicant: FUJITSU UMITED 
Kawasaki-shf, Kanagawa 211-8588 (JP) 

(72) Inventors: 

• Takeda, Arihoro, 
c/o Fujitsu Limited 

Kawasald-shi, Kanagawa 211-8588 (JP) 

• Morishige, Mal(oto, 
c/o Fujitsu Limited 

Kawasakl-shI, Kanagawa 211-8588 (JP) 

• Ohmuro, Katsufumi, 
c/o Fujitsu Limited 

Kawasakl-shI, Kanagawa 211-8588 (JP) 

• Furulowa, Noriaicl, 
c/o Fujitsu Limited 

Kawasakl-shI, Kanagawa 211-8588 (JP) 

• Koil(e, Yostiio, 

c/o Fujitsu Limited 

Kawasakl-shI, Kanagawa 211-8588 (JP) 

• Kamada, Tsuyoshi, 
c/o Fujitsu Limited 

Kawasakl-shi, Kanagawa 211-8588 (JP) 

• Kataoka, Shingo, 
c/o Fujitsu Limited 

Kawasakl-shi, ICanagawa 211-8588 (JP) 

• Tanaka, Yoshinori, 
c/o Fujitsu Limited 

Kawasakl-shi, Kanagawa 211-8588 (JP) 

• Sasaki, Takahiro, 
c/o Fujitsu Limited 

Kawasaki-Shi, Kanagawa 211-8588 (JP) 

• Hoshino, Atuyuki, 
c/o Fujitsu Limited 

Kawasaki-Shi, Kanagawa 21 1 -8588 (JP) 



Sasabayashi, TakashI, 
c/o Fujitsu Limited 
Kawasaki-shI, Kanagawa 
Hayashi, Shougo, 
c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa 
Tsuda, Hideaki, 
c/o Fujitsu Limited 
iCawasakl-shi, ICanagawa 
Takizawa, Hideaki, 
c/o Fujitsu Limited 
iCawasakl-shi, ICanagawa 
Chlda, Hideo, 
c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa 
lOnjou, Takeshi, 
c/o Fujitsu Limited 
Kawasaki-shI, ICanagawa 
OhashI, Makoto, 
c/o Fujitsu Limited 
iCawasaki-shi, ICanagawa 
Tachlbanaki, Makoto, 
c/o Fujitsu Limited 
Kawasakl-shi, Kanagawa 
Okamoto, Kenji, 
c/o Fujitsu Limited 
Kawasakl-shi, ICanagawa 
Imoto, Keiji, 
c/o Fujitsu Limited 
iCawasaki-shi, ICanagawa 
YamaguchI, HIsashi, 
c/o Fujitsu Limited 
Kawasaki-shi, ICanagawa 
Hasegawa, TadashI, 
c/o Fujitsu Limited 
Kawasaki-shI, Kanagawa 
OtanI, IMInoru, 
c/o Fujitsu Liniited 
Kawasakl-shi, Kanagawa 
Yoshlda, Hidefumi, 
c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa 
Inoue, Hiroyasu, 
c/o Fujitsu Limited 
Kawasaki-shi, Kanagawa 
Ikeda, IMasahir , 
c/o Fujitsu Limited 
Kawasakl-shi, Kanagawa 



211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211 -8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 
211 -8588 (JP) 
211-8588 (JP) 
211-8588 (JP) 



Primed by Xeroec (UK) Busmess Sarvtces 
2.16 B/34 



(Cont. next page) 



EP 0 884 626 A2 



TanlguchI, YoJI, 
c/ Fujftsu Limited 

Kawasaki-Shi, ICanagawa 211-8588 (JP) 
Tashiro, Kunthiro, 
c/o Fujitsu Umtted 

Kawasald-shi, Kanagawa 211-8588 (JP) 
Fujilcawa, Tetsuya, 
c/o Fujitsu Umited 

ICawasaki-stii, ICanagawa 211-8588 (JP) 
Tasaka, Yasutoshi, 
c/o Fujitsu Umited 

Kawasaki-Shi, Kanagawa 211-8588 (JP) 
IVIurata, Satoshi, 
c/o Fujitsu Umtted 

Kawasakl-shi, Kanagawa 211-8588 (JP) 
IVIayama, Talcatoshi, 
c/o Fujitsu Umited 
«Kawi^l(i-^i;iKanipw^ 
Sawasaki, Manabu, 
c/o Fujitsu Umited 

Kawasaki-Shi, Kanagawa 211-8588 (JP) 



• Tanuma, Seijo, 
c/o Fujitsu Umited 

Kawasaki-Shi, Kanagawa 211-8588 (JP) 

• Hi rota, ^ro, 

c/o Fujitsu UmKed 

Kawasaki-shI, Kanagawa 211-8588 (JP) 

• Nakanishi, Yohei, 
c/o Fujitsu Umited 

Kawasakl-shi, Kanagawa 211-8588 (JP) 

• Tanose, Tomonorl, 

c/o Yonago Fujitsu Umited 
Yonago-shi, Totlorl 689-3524 (JP) 

• Tsukao, iCouJt, 

c/o Yonago Fujitsu Umited 
Yonago-shi, Tottori 689-3524 (JP) 



(74) Representative: 
— Eenlona6ht ;istine4i:es leyAettalM 

IHaseltine i^ke & Co., 

Imperiat House, 

15-19 iCingsway 

London WC2B 6UD (GB) 



(54) Vertically-aligned (VA) liquid crystal display device 



(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso- 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12.13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of tine liquid crystal when the intermediate voltage 
is applied. 
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[description 

The present irrv ntion relates to a liquid crystal display (LCD), and more particularly to a vertically-aligned (VA) 
LCD. 

5 Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT. it is a liquid crystal dis- 

play (LCD) that has been most widely adopted nowadays. In particular, a thin-f am transistor (TFT) type LCD (TFT LCD) 
has been adapted to public welfare-related equipment such as a personal computer, word processor, and OA equip- 
ment, and home electric appliances including a portable television set and expected to further expand its market. 
Accordingly, there is a demand for further improvement of image quality. A description will be made by taking the TFT 

10 LCD for instance. However, the present Invention is not limited to the TFT LCD but can apply to a simple matrix LCD. a 
plasma addressing type LCD and so forth. Generally, the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. 

Cunently. a mode n>ost widely adopted for the TFT LCD is a normally-white mode that is implemented in a twisted 

IS nematic (TN) LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
Contrast and color reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT. However, the 
TN LCD has a critical drawback of a narrow viewing angle range. This poses a problem that the application of the TN 
LCD is limited. 

In an effort to solve these problems. Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 

20 proposed an LCD adopting a mode referred to as an IPS mode. 

However, the IPS mode suffers from slow switching. At present when a motion picture representing a fast nrotion 
is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, therefore, for 
improving the response speed, the alignment film is not rubbed parallel to the electrodes but rutDbed in a direction 
shifted by about 15°. However, even when the direction of mbbing is thus shifted, since the response time permitted by 

25 the IPS mode is twice longer than the one permitted by the TN mode, the response speed is very low. Moreover, when 
rubbing is can-ied out in the direction shifted by about 15**. a viewing angle characteristic of a panel does not become 
uniform between the right and left sides of the panel. Gray-scale re/ersal occurs relative to a specified viewing angle. 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 

30 viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. The VA mode does not use a rotary polarization effect which is used in the TN mode, but uses a birefringent 
(double refraction) effect. The VA mode is a mode using a negative liquid crystal material and vertical alignment film. 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black display appears. 
When a predetermined voltage is applied, the Ttquid crystalline molecules are aligned in a horizontal direction and white 

35 display appears. A contrast in display offered by the VA mode is higher than that offered by the TN mode. A response 
speed is also higher, and an excellent viewing angle characteristic is provided for white display and black display. The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal display 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is. a problem that 
the light intensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast than 

40 the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing angle or 
a viewing angle characteristic, because even when no voltage is applied, liquid crystalline molecules near an alignment 
film are aligned nearly vertically However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
acteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
45 by setting the orientation directions of tiie liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, tiie orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
so can be inrtproved by making the rut)bing direction different inside the pixels. 

Though the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequentiy dam- 
ages, the surface of the alignment film and involves the problem tiiat dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
55 trodes are orientated along the surface having the concavo-convex pattern. 

It is known that viewing angle performance of a liquid crystal display device in the VA mode can be improved by 
setting the orientation directions of the liquid crystallin molecules inside pixels to a plurality of mutually different direc- 
tions. Japanese Unexamined Patent Publication (Kokai) No. 6-301036 discloses a LCD in which apertures are provided 
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on a counter electrode. Each apertur faces a center of a pixel electrode and oblique electric fields ar generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided int two 
or four directions due to the oblique electric fields. However, the LCD disclosed in Japanese Unexantined Patent Publi- 
cation (Kokai) No.6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 

5 speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystallin molecules in each pixel is a half of a 
pixel size, a time for all liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further. Japanese Unexamined Patent Publication (Kbkai) Na 7-199193 discloses a VA LCD in which slopes hav- 

10 ing different directions arjB provided on electrodes and the orientation directions of th liquid crystalline nroiecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, tiie VA LCD disclosed in Japanese Unexamined Patent Publication (KbkaO No-7-199193 
also has tiie atxsve-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 

15 black display cannot be obtained. This causes a reduction of contrast Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentie slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a stmctufrha^iiigs 

on the structure becomes large. This causes a phenomenon that the liquid crystalline rrxslecules do not change their 
20 orientations when a voltage Is applied due to the accumulated charges. This phenomenon is so-called a burn. 

As described above, tiiere are some problems to realize a division of orientation directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD, 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid ays- 
tal display exhibiting a viewing angle characteristic that is as good as tiie one exhibited by the IPS mode or better than 
25 it while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of ihe present invention, in the VA rrxxJe employing a conventional vertical alignment 
film and actopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulating means is pro- 
30 vided on at least one of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes). 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing need not be performed on 
the vertical alignment film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to tiie surfaces of the substrates. The liquid crystalline 
35 molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crystalline 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, wfhen a direction of tilt is not defined by canning out rub- 
bing, the azimuth in which the liquid crystalline molecules tilt due to the elec^ fields includes all directions of 360"*. If 
there are pre-tilted liquid crystalline molecules, surrounding I'quid crystalline molecules are tilted in the directions of the 
40 pre-tilted liquid crystalline molecules. Even when rubbing is not canied out. the directions in yMch the liquid crystalline 
iTwIecules lying in gaps between the protrusions can be restricted to the azinuths of the liquid crystalline molecules in 
contact witii tiie surfaces of the protrusions. When a voltage is inaeased, the negative liquid crystalline nx)lecules are 
tilted in directions vertical to the electric fields. 

As mentioned at)ov6. the inclined surfaces fill the role of a trigger for detennining azimutiis in which the liquid crys- 
45 talline molecules are aligned with application of a voltage. The inclined surfaces need not have large area. With small 
inclined surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-ays- 
tal layer except the inclined surfaces are aligned vertically to the surfaces of the substates. This can result in a nearly 
perfect black display Thus, a contrast can be raised. 

Reference will now be made, by way of example, to tiie accompanying drawings, in which: 

so 

Figs. 1 A and 1 B are diagrams for explaining a panel staicture and an operational principle of a TN LCD; 

Figs. 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

LCD; 

Rgs. 3 A to 3D are diagrams for explaining an IPS LCD; 
55 Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
as an example of the IPS LCD; 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to tfie 
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polar angle; 

Rgs. 7A to 7C are diagrams for explaining a VA LCD and problems thereof; 

Rgs. 8A to 8C are diagrarr^ for explaining rubbing treatment; 

Rgs. 9A t 9C are diagrams for explaining principles of the present invention; 
5 Rgs. 1 0A to 1 0C are diagrams for explaining determination of an orientation by protrusions; 

Rgs. 1 1 A to 1 1 C are diagrams showing examples of the protrusions; 

Rgs. 12A to 12C are diagrams showing examples of realizing the domain regulating means; 

Rg. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Rgs. 1 4A and 1 4B are diagrams showing the structure of a panel in accordance wrth a first embodiment; 
10 Rg. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in the first embodiment; 

Rg. 16 is a diagram showing the pattern of protrusions outside a display area of the f irst embodiment; 

Rg. 1 7 is a sectional view of the LCD panel of the first emtxxiiment; 

Rgs. 18A and 18B are diagrams showing the position of a fiquid-crystal injection port of the LCD panel of the first 
emt>odimerTt; 

75 Rg. 19 is a diagram showing contours of protrusions in a prototype of the first emtxxiiment defined by performing 
measurement using a tracer type coating thickness meter; 

Rgs. 20A and 20B are diagrams indicating a change in response speed according to a change of spacing between 
protrusions in the pane! of the first emtxxjiment; 

Rg. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
20 in the panel of the first embodiment; 

Rg. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 

Rgs. 23A to 23C are diagrams showing changes in display luminartce levels of the panel of the first embodiment; 

Rgs. 24A and 248 are diagrams showing changes in display luminance levels of the panel of the first embodiment; 

Rg. 25 is a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phase- 
26 difference film; 

Rgs. 26A to 2eC are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Rg. 27 is a diagram for explaining occurrence of light leakage near the protrusions; 
Rg. 28 is a diagram showing a change in transmittance according to a change of applied voltage; 
30 Rg. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 

Rg. 30 is a diagram showing a change in transmittance of white display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Rg. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first emtxxjiment; 
35 Rg. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first enrtoodiment; 

Rg. 33 is a diagram showing a pattern of protrusions of the second emtxxjiment; 

Rg. 34 is a diagram showing a pattern of protrusions of a third embodiment; 

Rg. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 
40 Rg. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 

Rgs. 37A and 378 are diagrams showing shapes of protrusions of a fourth embodiment; protrusions; 

Rgs. 38A and 388 are diagrams showing a structure of a panel of a fifth emtxxiiment; 

Rg. 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth enr^xxfiment; 

Rg. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connection of slits; 
45 Rg. 41 is a diagram showing generations of domains in the panel of the fifth emtjodiment; 

Rg. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Rg. 43 is a diagram showing generations of domains at corners of the protrusions and slits in the panel of the sixth 
embodiment; 

Rg. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
so Rg. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment; 
Rg. 46 is a sectional view of the LCD panel of the sixth emtxxJiment; 

Rg. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth ennbodiment; 
Rgs. 48A to 48C are diagrams showing changes in display luminance levels of the panel of the sixth embodiment; 
Rgs. 49 A and 498 are diagrams showing a modification of pattern of pixel electrodes of the sixth erTi)odiment; 
55 Rgs. 50A and 508 are diagrams showing a pattern of pixel electrodes and a structure of a panel of the seventh 
emtxxiiment: 

Rg. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 
Rg. 52 is a diagram showing a structure of a panel of an eighth embodiment; 
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Rgs. 53A to 53J are diagrams shewing a process for producing a TFT substrate of the ighth embodiment: 
Rg. 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment; 
Rg. 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 
Rg. 56 is a diagram showing a modification of pattern of protrusions of the ninth embodiment; 
5 Rgs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 
Rg. 58 is a diagram for explaining a pr Wem occurred in a structure using zigzag protrusions; 
Rg. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schlieren structure is 
observed; 

Rg. 60 is a diagram showing a region where response speed are reduced; 
10 Rgs. 61 A and 61 B are sectional views of the portions where the response speed is reduced; 

Rgs. 62A and 628 are diagrams showing a fundamental arrangement of a protrusion with respect to an edge of 
pixel electrode in a tenth embodiment; 

Rg. S3 is a diagram showing an arrangement of protrusions in the tenth embodiment; 
Rg. 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 
IS Rgs. 65A and 658 are diagrams for explaining a change in orientation direction by irradiation of ultraviolet light; 
Rg 66 is a diagram showing a modification of the tenth errtoodiment; 

Rgs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 

•**»^is5ffsas? 
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Rg 68 is'a diagram for explaining desirable arrangements of the depressions and an edge of the pixel electrode; 
Rgs. 69A and 698 are diagrams showing desirable arrangements of the protrusions and edges of the pixel elec- 
trode; 

Rgs. 70A and 708 are diagrams showing a pattern of protrusions of a eleventh embodiment; 
Rg. 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 
Rg 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth embodiment; 
Rg. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment' 

Rg. 74 is a diagram showing a modification of shapes of the pixel electrodes and protmsions of a twelfth embodi- 
ment; 

Rg. 75 is a diagram showing a pattern of protrusions of a thirteenth ennbodiment; 
30 Rgs. 76A and 768 are sectional views of the third embodiment; 

Rgs. 77A and 778 are diagrams showing an operation of a storage capacitor (CS) and a structure of electrodes; 
Rgs! 78A and 788 are diagrams showing an arrangement of protrusions and CS electrodes of a fburteentii ennbod- 

R^79A and 798 are diagrams showing an arrangement of slits and CS electrodes of a modification of the four- 

35 teenth embodiment; 

Rgs. BOA and 808 are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 

Rgs. 81 A and 818 are diagrams showing an arrangement of protrusions and CS electrodes of an anotiier modifi- 
cation of the fourteentii embodiment; 
40 Rg 82 is a diagram showing a pattem of protrusions of the fifteenth embodiment; 

Rgs. 83A to 83D are diagrams for explaining alignment changes of the liquid crystalline molecules in the fifteenth 
embodiment; 

Rg 84 is a diagram showing a viewing angle characteristic of the panel of the fifteenth embodiment; 

Rgs. 85A to 85D are diagrams showing changes of response times between gray-scale levels in the fifteenth 

45 en^odiment TN LCD. and other VA LCDs; 

Rgs. 86A and 868 are diagrams showing an an*angement of protrusions of a modification of the fifteenth embodi- 

Rg"87 is a diagram showing an arrangement of protrusions of anottier modification of the fifteenth embodiment; 

Rg 88 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment; 
50 Rg. 89 is a diagram showing an arrangement of protrusions of another modification of the fifteentii embodiment: 

Rgs. 90A and 908 are diagrams showing a structure of protrusions of a sixteenth embodiment; 

Rg. 91 is a diagram showing an arrangement of protrusions of the sixteenth embodiment; 

Rgs. 92A and 928 are diagrams showing a structure of a panel of a seventeenth embodiment; 

Rg. 93 is a diagram showing a structure of a panel of a eighteenth embodiment: 
55 Rg. 94 is a diagram showing a structure of a panel of a nineteenth embodiment; 

Rg. 95 is a diagram showing a sti-ucture of a panel of a twentieth embodiment; 

Rg. 96 is a diagram showing a structure of a panel of a modification of the twentieth embodiment; 

Fig 97 is a diagram showing a structure of a panel of another nrxxjification of the twentieth embodiment; 



6 



f' .T' 



EP 0 884 626 A2 

Rg. 98 is a diagram showing a stnjcture of a panel of another modification of the twentieth embodiment; 

Figs. 99A and 998 are diagrams showing a structure of a panel of a 21st embodiment: 

Figs. 100A and 1008 are diagrams for explaining an influence of an assembly error to the alignment division; 

Rgs 101 A and 1018 are diagrams showing a structure of a panel of a 22nd embodiment; 
5 Rg. 102 is a diagram showing a structure of a panel of a 23rd embodiment; 

Rgs. 103 A and 1038 are diagrams showing a structure of a panel of a 24th embodiment; 

Rg. 104 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied; 

Rgs. 105A and 1058 are diagrams showing a structure of a panel of a 25th embodiment; 

Rg. 1 06 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 
10 length between protrusions is measured: 

Rg. 107 is a diagram showing the relationship of response time with respect to the gap length; 

Rgs, 108A and 1088 are diagrams showing a relationship of a transmittance with respect to a gap between protru- 
sions; 

Rgs. 109A and 1098 are diagrams showing an operational principle of the 25th embodiment; 
IS Rg. 1 10 is a diagram showing a structure of a panel of a 26th embodiment; 

Rg. Ill is a diagram showing a viewing angle characteristic of the panel of the 26th emt)odiment; 
Rg. 1 12 is a diagram showing a pattern of protrusions of normal types; 

Rg. 1 13 is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the liquid crystal; 
Fig. 1 14 is a diagram showing a pattern of protrusions of a 27th embodiment; 

20 Fig. 1 15 is a diagram showing a relation between an applied voltage arxi transmittance; 
Rg. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment: 
Fig. 1 1 7 is a diagram showing a pattern of protrusions of a 29th emtjodiment; 
Rg. 1 18 is a diagram showing a pixel structure of the 29th embodiment: 
Rg. 1 19 is a diagram showing shapes of protrusions of a 30th emkxxJiment; 

25 Rg. 120 is a diagram showing a change of transmittance according to a change of height of protrusions; 

Rg. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions: 
Fig. 122 is a diagram showing a change of transmittance in white \&/e\ according to a change of height of protru- 
sions: 

Fig. 123 is a diagram showing a change of transmittance in black level according to a change of height of protru- 
30 sions; 

Rgs. 124A arKi 1248 are diagrams showing pixel structures of an nxxlification of the 30th embodiment; 

Rgs. 125A and 1258 are diagrams showing shapes of protrusions of a 31st embodiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer in a 

panel oftheVA LCD; 

35 Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in tiie panels of tiie VA LCD and TN LCD; 

Rg. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of tiie VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap between protrusions at respective 
40 wavelengths in the panel of the VA LCD; 

Rg, 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of tiie VA LCD; 

Rg. 131 is a diagram showing a structure of a panel of a 32nd embodiment; 

Rg. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 

45 Fig. 133 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 

Rgs. 134A and 1348 are diagrams showing a pattern of protrusions of the 33rd embodiment: 

Rg. 135 is a diagram showing a structure of a panel of a 34th embodiment; 

Figs. 136A and 1368 are diagrams showing a pattern of protrusions of the 34tii embodiment: 

Figs. 137A to 137D are diagrams showing a process for producing a TFT substrate off the 35th embodiment: 

50 Rg. 138 is a diagram showing a structure of a TFT substrate of the 35th embodiment: 

Figs. 139A to 139E are diagrams showing a process for producing a TFT substrate of the 36th embodiment: 
Figs. 140A and 1408 are diagrams for explaining a problem of dielectric sutjstance on an electrode: 
Rgs. 141 A and 141 B are diagrams showing a structure of protrusions of a 37th embodiment; 
Rgs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th embodiment: 

55 Fig. 143 is a diagram showing a structure of protrusions of a 38th embodiment: 

Figs. 144A and 144B are diagrams showing a change of a shape of a protrusion due to baking; 
Rgs. 145A to 145E are diagrams showing a change of the shape of the protrusion according to baking tempera- 
tures: 
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Figs. 146A to 146C are diagrams showing a chang of the shape of the protrusion according to a width of the pro- 
trusion; 

Rgs. 147A and 1 47B are diagrams showing protrusions and a forming condition of th vertical alignment fflm; 
Figs. 148A to 148C are diagrams showing an example of a method of forming protrusions accorcfing to a 39th 
enrtxxjiment; 

Figs. USA and 148B are diagrams showing an another example of a method of forming protrusions according to 
th 39th enixxliment; 

Rg. 150 is a diagram showing an another exanrtple of a method of forming protrusions according to th 39th 

enrtxxliment; . , u* 

Rgs. 1 5 1 A and 1 51 B are diagrams showing changes of a repellent occurrence ratio accorcfing to the ultraviolet light 

irradiation; ^- * 

Rgs. 1 52A to 1 52C are diagrams showing an another example of a method of fbmiing protrusions according to tne 

39th emtx)diment; 

Figs. 1 53A to 1 53C are diagrams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Rgs. 154A and 154B are diagrams showing an another example of a method of forming profrusions according to 
the 39th embodiment; 

Rgs. 155A and 155B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Rg. 156 is a diagram showing a temperature condition of the method shown in Rgs. 155A and 155B; 

Rgs. 1 57A to 1 57C are diagrams showing an another example of a method of forming protrusions according to the 

39th embodiment; 

Rg. 1 58 is a diagram showing a structure of a panel of a prior art provided with black matrices; 

Rg. 159 is a diagram showing a structure of a panel of a 40th embodiment; 

Rg. 160 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Rg. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Rg. 1 62 is a sectional view of a panel of the 41 st embodiment; 

Rg. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 

Rg. 1 64 is a diagram showing a structure of a prior art panel having spacers; 

Rgs. 1 65A and 1 65B are diagrams showing structures of panels of a 43rd embodiment and an modification thereof; 

Rgs. 166A and 166B are diagrams showing structures of panels of modifications of the.43rd embodiment; 

Rg. 1 67 is a diagram showing a structure of a panel of a modification of the 43rd embodiment; 

Rgs. 168A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Rg. 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap in the 44th 

embodiment; ^ui • u 

Rg. 170 is a diagram showing a relationship between a scattered density of spacers and generations of blemishes 

when a force is applied to the panel; . , ^ *u 

Rgs. 1 71 A and 1 71 B are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusions have ion absorption ability; , 
Rgs. 172A and 172B are diagrams showing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability; , 
Rgs. 173 A and 173B are diagrams showing structures of CF substrates of a 45th embodiment and a modification 

thereof; 

Rg. 174 is a diagram showing a structure of a pane! of a 46th embodiment; 

Rgs. 175A and 175B are diagrams showing structures of CF substrates of another modifications of the 46th 

embodiment; . . ^ .-*u 

Rgs. 176A and 176B are diagrams showing structures of CF siijstrates of another modifications of the 46th 

embodiment; . * *u 

Rgs. 177A and 177B are diagrams showing structures of CF substrates of another modifications of the 46th 

enrix)diment; ^ . 

Rg. 178 is a diagram showing a structure of a panel of an another modification of the 46th embodiment: 

Rgs. 179A and 179B are diagrams showing structures of CF substrates of another modifications of the 46th 

enfix)diment; . , *w >ic*u 

Rgs. 180 A and 180B are diagrams showing structures of CF substrates of another modifications of the 46th 

embodiment; 

Rgs. 181 A to 181 G are diagrams showing a process for forming protrusions on the CF substrate according to a 
47th embodiment; 

Rg. 182 is a diagram showing a structure of a pane! of the 47th embodiment; 
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Figs. 1 83A and 1 SOB are diagrams showing a process for forming black matrices of the CF sUbstrat accorcfing to 
a 48th embodiment: 

Rg& 1 84A and 1 84B are diagrams showing a structure of a panel of the 46th embodiment; 

Rgs. 185 A to 185C are diagrams showing a process for forming protrusions on the CF substrate according to a 

49th emtxxjiment; 

Rg. 186 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 is a diagram showing a process for forming protrusions on the CF substrate according to a 50th embodH- 
ment; 

Rgs. 1 88A and 1888 are diagrams showing a structure of a panel of the 50th embodiment; 
Rg. 1 89 is a diagram showing a structure of a CF substrate of a 51th embodiment: 

Rgs. 1 90A and 190B are diagrams showing structures of CF sut>strates of nxxiifications of the 51th embodiment: 
Fig. 1 91 is a diagram showing structures of CF sut)strates of nxxiifications of the 51th embocfiment; 
Rg. 192 is a diagram showing structures of CF substrates of nxxjifications of the 51th emfcxx£ment: 
Fig. 193 is a diagram showing a structure of a panel of an another nxxjification of the 50th embodiment; 
Rg. 194 is a diagram shewing an example of a product employing the LCD in accordance with the present inven- 
tion; ^ 

Rg. 195 is a diagram showing a structure of the product shown in Rg. 197; 

Rgs. 196A and 196B are diagrams showing examples of arrangements of the protrusions in the product: 

Rg. 197 is a flowchart showing a process of a panel according to the present invention; 

Rg. 198 is a flowchart showing a process of forming protrusions; 

Fig. 199 is a diagram for explaining a process of forming protrusions by printing; 

Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus: 

Rgs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel: 

Figs. 202A and 202 B are diagranrts showing exanples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 203A and 203B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel: 

Fig. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
present invention; 

Figs. 205A to 205C are diagrams for explaining a defect due to contamination by polyurethane resin and skin in the 
VA LCD: 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin p^articulate and a size of defective 
area; 

Rg. 207 is a diagram showing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances; 

Rg. 208 is a diagram showing a sinrajlation result of a discharge time at respective specific resistances: 

Rg. 209 is a diagram showing a simulation result of a discharge time at respective specific resistances; 

Fig. 210 is a diagram showing a fundamental constitution of the prior art VA LCD: 

Rg. 211 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD; 

Fig. 212 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD; 

Fig. 213 is a diagram showing a fundamental constitution of the panel of according to the present invention; 

Rg. 214 is a diagram showing a viewing angle characteristic (contrast ratio) of present invention: 

Rg. 215 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of present invention; 

Rg. 216 is a diagram for explaining characteristics of a retardation film; 

Rg. 21 7 is a diagram showing a constitution of a panel of a 52nd embodiment: 

Rg. 218 is a diagram showing a viewing angle characteristic (gray-scale reversaQ of the 52nd embodiment; 

Fig. 219 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd emtxxjiment; 

Fig. 220 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 52nd embodiment: 

Fig. 221 is a diagram showing a constitution of a panel of a 53rd embodiment: 

Fig, 222 is a diagram showing a viewing angle characteristic (gray-scale reversaO of the 52rd embodiment: 

Fig. 223 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment; 

Fig. 224 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 53rd embodiment; 

Fig. 225 is a diagram showing a constitution of a panel of a 54th embodiment: 

Fig. 226 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained witii respect to a retardation in the 54th embodiment; 
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Fig. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Rg. 228 is a diagram showing a change of a polar angle at which no gray-scale reversal is generated with respect 
to a retardation in the 54th embodiment; 
5 Rg. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 

with respect to a retardation in the 54th embocfiment; 

Rg. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 

Rg. ?31 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 

Rg. 232 is a diagram showing a constitution of a panel of a 56th embodiment; 
10 Rg. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Rg. 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 

Rg. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 56th embodiment; 

Rg. 236 is a diagram showing a constitution of a pane! of a 57th embodiment; 
IS Rg. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 

Rg. 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment: 

Ra.,239Js„a,diaQram show ina a relati onship of a polar angle at which a predetermined value of contrast can be 

Rg. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 
20, Rg. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of tiie 58th embodiment; 

Rg. 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Rg. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 58th embodiment; 

Rg. 244 is a diagram showing a constitution of a panel of a 59th errtxxjiment; 
25 Rg. 245 is a diagram showing a viewing angle characteristic (gray-scale reversaO of the 59th embodiment; 

Rg. 246 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 

Rg. 247 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 59th embodiment; 

Rg. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
30 to a retardation in the 59th emt>odiment; 

Rg. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th ennbodiment; 
Rg. 250 is a diagram showing a change of an ion density when an ion absorption treatment is applied to the pro- 
trusions; 

Rgs. 251 A to 251 D are diagrams showing a process of a method of a panel of a modification in the 51st embodi- 
35 ment; 

Rgs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
second embodiment; 

Rg. 253 is a diagram showing a pattern of protrusions of an another modification of the second embodiment; 
Rgs. 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of tiie 
40 sixteenth embodiment: 

Rg. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth emtx)diment. 

Before proceeding to a detailed description of the preferred enibodiments of tiie present invention, a prior art liquid 
crystal display device will be described to allow a clearer understanding of the differences between the present inven- 
45 tion and the prior art. 

Rgs. 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of tiie TN LCD. As 
shown in Rgs. 1 A and 1B, an alignment film is placed on transparent electrodes 12 and 13 formed on glass substrates, 
a rubbing treatment is performed so that orientation directions of tfie liquid crystalline molecules on the two substrates 
are shifted by 90*» to each other, and a TN liquid crystal is sandwiched between the transparent electrodes. Due to tiie 
50 properties of the liquid crystal, liquid crystalline molecules in contact with the alignment films are aligned in tiie direc- 
tions of the orientation defined by the alignment films. The other liquid crystalline molecules are aligned in line with the 
aligned molecules. Consequently, as shown in Rg. 1 A. the liquid crystalline molecules are aligned while twisted by 90*. 
Two sheet polarizers 1 1 and 15 are located in parallel with tiie directions of tiie orientation defined by the alignment 
films. 

55 When light 10 that is not polarized falls on a panel having the foregoing structure, the light passing through the 
sheet polarizer 1 1 becomes linearly-polarized light and enters the liquid crystal. Since tiie liquid crystalline nx)lecules 
are aligned while twisted 90*. the incident light is passed while twisted 90°. The light can therefore pass through the 
lower sheet polarizer 15. This state is a bright state. 
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Next as shown in Fig. 1 B. vsrhen a voltage is applied to the electrodes 1 2 and 1 3 and thus applied to the liquid crys- 
talline molecules, the liquid crystalline molecul s erect thenns Ives to untwist However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 

5 light The linearly-polarized light iruadent on the liquid-crystal layer will there! r_ not turn the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings about a dark stale. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientation control forca 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast arxl color 

10 reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT. However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Rgs. 
2A to 2C are diagrams for explaining this problem. Rg. 2A shows a state of white display in which no voltage is applied. 
Fig. 28 shows a state of halftone display in which an intermediate voltage is applied, and Fig. 2C shows a state of tjlack 
display in which a predetermined voltage is applied. As shown in Rg. 2A, in the state in which no voltage is applied. 

15 liquid crystalline molecules are aligned in the same direction with a slight inclination (atx)ut 1" to 5**). In reality, the mol- 
ecules are twisted as shown In Fig. 1 A. For convenience" sake, the nrolecuies are illustrated like Fig. 2A. In this state, 
light is seen nearly white in any azimuth. Moreover, as shown in Rg. 2C, in the state in which a voltage is applied, inter- 
mediate liquid crystalline molecules except those located near the alignment films are aligned in a vaiical direction. 
Inddent lineariy-polarized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 

20 (panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Rg. 2B. in the state in which an intermediate voltage lower than the voltage applied in the state shown in Rg. 
2C is applied, the liquid crystalline molecules near the alignment films are aligned in a horizontal direction t)ut the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway. The birefringent property of the liquid crystal 

2S is lost to some extent This causes a transmittance to deteriorate and brings about halftone (gray) display. However, this 
refers only to light incident perpendiculariy on the liquid-crystal panel. Obliquely incident light is seen differently, that is. 
light is seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated, the liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above. The liquid 
crystal hardly exerts a birefringent effect Therefore, when the panel is seen from left, it is seen black. By contrast, the 

30 liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
crystal exerts a great birefringent effect relative to incident light and the incident light is twisted. This results in nearly 
white display. Thus, the most critical drawback of the TN LCD is that the display state varies depending on the viewing 
angle. 

In an effort to solve the above problem, Japanese Examined Patent Publication (Kokai) Nos, 53-48452 and 1- 

35 1 20528 have proposed an LCD adopting a mode referred to as an IPS mode. Rgs. 3A to 3D are diagrams for explaining 
the IPS LCD. Rg. 3A is a side view of the LCD with no voltage applied. Rg. 38 is a top view tiiereof with no voltage 
applied, Fig. 3C is a side view thereof with a voltage applied, and Rg. 3D is a top view with a voltage applied. In the IPS 
mode, as shown in Figs. 3 A to 3D, slit-like electrodes 18 and 19 are formed in one substrate 17.,and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transverse elec- 

40 trie wave. A material exhibiting positive dielectric anisotropy is used to make a liquid crystal 14. When no electric field 
is applied, an alignment film is rubbed in order to align the liquid crystalline molecules homogeneously so that the major 
axes of the liquid crystalline molecules will be nearly parallel to the longitudinal cfirection of the elecfrodes 18 and 19. 
In tiie illustrated example, tiie liquid crystalline rrxjlecules are homogeneously aligned with an azimuth of 15' relative to 
the longitudinal direction of ttie si it- like electrodes in order to make a direction (direction of turn), to which tfie orientation 

45 of the liquid crystal is changed with application of a voltage, constant In tiiis state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C, liquid crystalline molecules existent near the slit-like electrodes change their ori- 
entation so that the major axes thereof will be turned 90* relative to the longitudinal direction of the slit-like electi-odes. 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules will be aligned 
witfi an azimutii of 15" relative to the longitudinal direction of the slit-like electrodes, liquid crystalline molecules near 

50 the substrate 1 6 are aligned so tiiat the major axes thereof will be nearly parallel to the longitudinal direction of the elec- 
trodes 18 and 19. The liquid crystalline molecules are tiierefore aligned while twisted from the upper substrate 1 6 to the 
tower substrate 17. In this kind of liquid crystal display, when the sheet polarizers 1 1 and 15 are placed on and under 
the substi-ates 16 and 17 respectively so that the axes of transmission tiiereof will be orthogonal to each ottier. When 
the axis of transmission of one sheet polarizer is made parallel to the major axes of the liquid crystalline molecules. 

55 black display can be attained with no voltage applied, and white display can be attained with a voltage applied. 

As mentioned atove, the IPS mode is characterized in that the liquid aystalline molecules do not erect themselves 
but turned in a transverse direction. In th TN mode or the like, when the liquid crystalline molecules erect ttiemselves, 
the birefringent property of the liquid crystal varies depending on a direction of an viewing angle and a problem occurs. 
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When the liquid crystalline nrK))ecutes are turned in the transverse direction, the btrefringent property hardly varies 
depending on a direction. This results in very good viewing angle characteristics. However, the IPS mode has another 
problems. One of the problems is that a respons speed is quite low. The reason why the response speed is low is that 
although a gap between electrodes in the nornrtal TN mode in which liquid crystalline nrKilecules are turned is 5 mtcrom- 

5 eters, the gap in the IPS mode is 10 micrometers or more. TTie response speed can be raised t>y narrowing the gap 
between the electrodes. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS nrxxle. when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, the ratio in area of the electrodes to dis^^y gets large. This poses a problem that 

10 a transmrttance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion picture representing a 
fast motion is displayed, drawbacks including a drawt>ack that an image streams take piaca tn an actual panel, there- 
fore, for improving the response speed, as shown in Figs. 3B and 3D, the alignment film is not ruksbed parallel to the 
electrodes but rubbed in a direction shifted by about 15<*. For realizing horizontal alignment when an agent is merely 

75 applied to the alignment film, liquid crystalline molecules are an^ayed freely leftward or rightward and cannot be aligned 
in a predetermined direction. Rubbing is therefore can-ied out for rubbing the surface of the alignment film in a certain 

<MMdirectiQn|SQ^thatrthetiiquidtGiy5talliff^^^ 

out in the IPS mode, if rubbing proceeds parallel to the electrodes, liquid crystalline nrxslecules near the center in the 
gap between the electrodes are slow to turn to the left or right with application of a voltage, and therefore slow to 

20 respond to the application. Rubbing is therefore, as shown in Figs. SB and 3D. carried out in a direction shifted by about 
1 5** in order to demolish right-and-left uniformity. However, even when the direction of nijbing is thus shifted, since the 
r sponse time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
is very low. Moreover, when rubbing is carried out in the direction shifted by at>out 1 5*^. a viewing angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a 

25 Specified angle of a viewing angle range. This problem will be described with reference to Rgs. 4 to 6B. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
(of the IPS type herein). As illustrated, a polar angle 6 and azimuth ^ are d^ined in relation to sut>strates 16 and 1 7. 
electrodes 18 and 19. and a liquid crystalline molecule 4. Fig. 5 is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels. 

30 Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle 6 and 
azinmjth ^ are shown in Fig. 5. In the drawing, reversal occurs at fours hatched areas. Figs. 6A and SB are diagrams 
showing examples of changes in luminance of display of 8 gray-scale levels in relation to the polar angle 6 with the azi- 
muths fixed to values of 75** and 135° causing reversal. White gray-scale reversal occurs at gray-scale levels associated 
with high luminances, that is. when white luminance deteriorates with an increasing value of the polar angle 6. Black 

35 gray-scale reversal occurs when t>lack luminance increases with an increasing value of the polar ar^le 6. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthernmre, the IPS mode has a prot> 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmittance. a response speed and productivity, is sacrificed for the viewing angle characteristic. 
As memioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 

40 angle characteristic of the TN mode has the problem that the characteristics offered by the IPS nrtode other than the 
viewing angle characteristic are insufficient A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Rgs. 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
material and vertical alignment film. As shown in Fig. 7A. when no voltage is applied, liquid crystalline molecules are 
aligned in a vertical direction and black display appears. As shown in Fig. 7C. when a predetermined voltage is applied, 

45 the liquid crystalline molecules are aligned in a horizontal direction and white display appears. A contrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal cfisplay 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is. a problem that 
the display state varies depending on the viewing angle. For displaying a halftone in the VA mode, a voltage lower than 

50 a voltage to be applied for white display is applied. In this case, as shown in Rg. 7B, liquid aystalline molecules are 
aligned in an oblique direction. As illustrated, the liquid crystalline molecules are aligned parallel to light propagating 
from right below point to left above. The liquid crystal is therefore seen black when viewed from the left side thereof 
because a birefringent effect is hardly exerted on the left side thereot By contrast, the I'quid crystalline molecules are 
aligned vertically to light propagating from left below to right above. The liquid crystal exerts a great birefringent effect 

55 relative to incident light therefore, display becomes neariy white. Thus, there is the problem that the luminance varies 
deperxling the viewing angle. The VA mode provides a rnuch higher contrast than the TN mode and is superior to the 
TN mode in terrr^ of a viewing angle characteristic, because even when no voltage is applied, liquid crystalline mole- 
cules near an alignm nt film are aligned nearly v rtically. However, the VA nrKXle is not certainly superior to the IPS 
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mode in terms of the viewing angle characteristic. 

It is knowvn that viewing angle p rformance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the orientation directions of the liquid crystalline nrrolecules inside pixels to a plurality of mutually different 
directions. Generaliy. the orientation direction of the liquid crystalline molecules (pre-tilt angles) which keep contact with 

5 a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing cfirection. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixela Rgs. 8A to 8C show a method of making 
the rubbing direction cQfferent inside the pixels. As shown in this drawing, an alignment f Dm 22 is formed on a glass sut>- 

10 strata 1 6 (whose electrodes, etc., are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating mbbing roll 201 to execute the rubbing treatment in one direction. Next, a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolitiiography. As a result a layer 202 of the 
photo-resist which is patterned is formed as shown in the drawing. Next the alignment film 22 is broughit into contact 
witfi a rubbing roll 201 that is rotating to ihe opposite direction to the above so that only the open portions of the pattern 

15 are rubbed. In this way, a plurality of regions that are subjected to the rubbing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liquid crystal become plural inside the pixel. Incidentally, the 
rubbing freatment can be done in arbitrarily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. 

Though the rubbing treatment has gained a wide application, it is tiie treatment tiiat rubbs arxJ consequerrtly. dam- 
20 ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mo6e. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Rgs. 9A to 9C are diagrams for explaining the principles of tiie present invention. According to the present inven- 
ts tion. as shown in Rgs. 9A to 9C, in the VA nrode employing a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid crystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so that the orientation 
will include a plurality of directions within each pixel. In Rgs. 9A to 9C. as ttie domain regulating means, electrodes 12 
on an upper siJbstrate are siitted and associated with pixels, and an electrode 13 on a lower substrate is provided with 
30 protrusions (projections) 20. 

As shown in Rg. 9A, in a state in which no voltage is applied, liquid crystalline nfx>lecules are aligned vertically to 
the surfaces of tiie substrates. When an intermediate voltage is applied, as shown in Rg. 9B. electric fields oblique to 
the surfaces of the substrates are produced near the slits of the electrodes (edges of tiie electrodes). Moreover, liquid 
crystalline molecules near the protrusions 20 slightly tilt relative to their state attained with no voltage applied. The 
35 inclined surfaces of tiie protmsions and the oWque electric fields determine the directions in which the liquid crystalline 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protnjsions 20 and the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are slightly tilting. Conse- 
querrtly, the transmission of light is suppressed and halftone display of gray appears. Light transmitted from right above 
40 to left below is hardly transmitted by a region of the liquid crystal in which liquid crystalline molecules are tilting leftward, 
while the light is quite readily transmitted by a region thereof in which liquid crystalline molecules are tilting rightward. 
On the average, halftone display of gray appears. Light transmitted from left below to right above contritjutes to gray dis- 
play due to tiie same principles. Consequently, homogeneous display can be attained in all azimuths. Furthermore, 
when a predetermined voltage is applied, liquid crystalline molecules become neariy horizontal as shown in Rg. 9C. 
45 White display appears. Thus, in all states of black display, halftone display, and white display, excellent display witii little 
dependency on a viewing angle can be attained. 

Now, Rgs. 10A and 10B are diagrams for explaining determination of an orientation by protrusions of dielectric 
material provided on tiie electrodes. In the specification, the dielectric materials are insulating materials of low dielec- 
tric. Refen-ing to Rgs. 10A and 10B, an orientation determined by tiie protrusions will be discussed. 
50 Protrusions are formed alternately on the electi-odes 12 and 1 3, and coated with the vertical alignment films 22. A 
liquid crystal employed is of a negative type. As shown in Rg. 10A. when no voltage is applied, the vertical alignment 
films 22 cause the liquid crystalline molecules to align vertically to the surfaces of the substrates. In this case, rubbing 
need not be performed on the vertical alignment films. Liquid crystalline molecules near the protrusions 20 try to align 
vertically to the inclined surfaces of the protrusions. The liquid aystalline molecules near the protrusions are therefore 
55 tilted. However, when no voltage is applied, in almost ail regions of the liquid crystal other tfian the protrusions, liquid 
crystalline molecules are aligned nearly vertically to the surfaces of the substrates. Consequently, as shown in Fig. 9A. 
excellent black display can appear. 

When a voltage is applied, the distribution of electric pot ntials in the liquid-crystal layer is as shown in Fig. 10B. In 
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the regions of th liquid-crystal layer without the protrusions, the dstrftxjtion is parallel to the substrates (electric fields 
ar vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltag is applied, as 
shown in Rgs. 7B and 7D. the liquid crystalline molecules tift according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azinuith in which 
the liquid crystalline rnolecules tilt due to th electric fields includes all directions of 360«. If there are pre-tilted liquid 
crystalline molecules as shown in Rg. 10A. surrounding liquid aystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is not carried out. the directions in which th liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid aystalline molecules in 
contact with the surfaces of the protrusions. As shown in Fig. 10B. the electric fields near the protrusions are inclined 
in directions in which they become parallel to the inclined surlaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions correspond to 
the directions in which the liquid aystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of the 
inclined surlaces of the protrusions contribute to stable alignment. Furthermore, when a higher voltage is applied, the 
liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fOI the role of a trigger for determining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protn^ons need not have inclined surfaces (slopes) of large 
afiirF3r*®(a5Tp 

faces is too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 ^im. This means that when the width of the protrusions is larger than 5 
Jim, a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-aystal layer exc^ the protrusions are aligned vertically to tfie sur- 
faces of the substrates. This results in nearly perfect black display. Thus, a contrast ratio can be improved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Rg. 1 1 shows the 
orientation direction when protrusions are used as the domain regulating means. Rg. 1 1 A shows a bank having two 
slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
d grees with the bank being the boundary. Rg. 11 B shows a pyramid and the liquid aystalline molecules are oriented 
in lour directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary. 
Rg. 1 1 C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation witti 
the axis of the hemisphere perpendicular to tiie substrate being the center. In the case of Rg. 1 1C. the display state 
becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better. When the relationship to the direction of polarization offered by a sheet polarizer is faken into account if tiie 
oblique orientation of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
deterioratea This is because when dentins in the liquid crystal are derfined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficiently, and liquid 
crystalline molecules lying in directions of 45' with respect to tiie axes work most efficientiy. For improving the light use 
efficiency, the directions included in the oblique orientation of tiie liquid crystal are mainly four directions or less. When 
there are four directions, they should preferably be directions in which light components to be projected on the display 
surface of the liquid crystal display propagate with azimuths mutually different in increments of 90**. In this case, the 
ratio in nurrtier of liquid crystalline molecules aligned in directions in which light components to be projected on the dis- 
play surface propagate with azimutii mutually different by 1 80*» should preferably be neariy even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the light connponents to be projected on the display surface 
propagate with azimuths mutually different by 180^ the ratio in number of aligned liquid crystalline molecules of one set 
is neariy even, while the ratio in nurrtjer of aligned liquid crystalline molecules of the other set is uneven. The set of 
aligned liquid crystalline molecules of which ratio in number Is neariy even is a n^jortty. and the set of aligned liquid 
crystalline molecules of which ratio in number is uneven may be negligible. In other words, a characteristic analogous 
to that exhibited when two domains are defined in 180' different directions can be realized. 

In Rgs. 9A to 9C, for realizing the domain regulating means, tiie elecfa-odes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20. Any other 
means will also do. Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means. Rg. 
12A shows an example of realizing it by devising the shapes of the electrodes, Rg. 12B shows an example of devising 
the contours of the surfaces of the substrates, and Rg. 1 2C shows an example of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the examples, the orientations shown in Rg. 8 can be 
attained. However, the structures of liquid crystals are a bit different from one another 
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In Fig. 12A. ITO electrcxles 41 and 42 on both substrates or one of the substrates are slitted. The surfaces of the 
substrates are processed for vertical alignment and a negative liquid aystai is sealed in. When no voltage is applied, 
liquid crystalline molecules are aligned v rticaliy to the surfaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 

5 electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right arxl left directions. In this example, the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Rg. 12B. protrusions 20 are formed on both the sutstrates. Like the structure shown in Fig. 12A. the surfaces of 

10 the substrates are processed for vertical alignment and a negative liquid crystal is sealed ia When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the sut)strates in principles. On the 
inclined surfaces of the protnjsions. however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating materieU with 
low dielectric constant is used to form the protrusions, the electric fields are interrupted (state close to the state attained 

15 by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

Rg. 1 2C shows an example of combining the techniques shown in Rgs. 1 2A and 1 2B. The description will be omit- 
ted. 

20 Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Rg. 12A may be dented, and the dents 
may be provided with inclined surfaces. Instead of making the protrusions in Rg. 12B using an insulating material, pro- 
trusions may be formed on the substrates, and ITO electrodes may be formed on the substrates arxl protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid crys- 

25 tal. Moreover, dents may be substituted for the protrusions. Furthernx)re. any of the described domain regulating 
means may be formed on one of the substrates. When domain regulating n^eans are formed on both the substrates, 
any pair of domain regulating means can t>e employed. Moreover, although the protrusions or dents shouW preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

30 When the protrusions are formed, during black display, parts of the liquid crystal lying in the gaps l>etween the pro- 
trusions are seen tjlack, but light leaks out through parts thereof near the protrusions. This kind of partial difference in 
display is microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit, whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of ynsitHe light corrtrast can be further improved. 

35 When a domain regulating means is formed on one substiBte or both substrates, protrusions, dents, or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions, dents, or 
slits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can be 
achieved more stably. Moreover, when the protrusions, dents, or sfits are located on both sul5strates. they should pref- 
erably be an^nged to be offset by a half pitch. 

40 In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) Na 6-301036. apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small. Contrarily, 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be improved. 

45 On one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice. On 
the other siijstrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattice. 

In any case, it is required that orierrtation division occurs within each pixel. The pitch of the protrusions, dents, or 
slits must be smaller than that of pixels. 

50 The results of examining tiie characteristics of an LCD in which the present invention is implemented demonstrate 
that a viewing angle characteristic is quite excellent and equal to or greater than those of not only a TN LCD but also 
an IPS LCD. Even when tfie LCD is viewed from its front side, the viewing angle characteristic is quite excellent and 
the contrast ratio is 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by tiie TN 
LCD is 30 %. the one offered by the IPS LCD is 20 %. and the one offered by the present invention is 25 %. The trans- 

55 mittance offered by the present invention is lower tiian the one offered by the TN LCD txjt higher than the one offered 
by the IPS LCD. A response speed is outstarxiingiy higher than those offered by the other modes. For example, as far 
as equivalent panels are concerned, a TN LCD panel exhibits an on speed (for transition from 0 V to 5 V) of 23 ms. an 
off speed (for transition from 5 V to 0 V) of 21 nr^, and a response speed (on + off) of 44 ms, whil an IPS LCD panel 
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exhibits an on speed of 42 ms, an off speed of 22 ms, and a response speed of 64 ma According to the mode of the 
present invention, the on speed is 9 ms. the off speed is 6 ms, and the response speed is 15 rro. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than th on offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furth mnore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusi ns. dents, or oblique electric fields determine directions in which liquid aystalline mole- 
cules tilt. Unlike the ordinary TN or IPS nrode. rubbing need not be carried out. In the process of manufacturing a panel, 
a nibbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing inperfect 
aliignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
substrates is unnecessary. 

Rg. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first embodiment of the present 
invention. As shown in Rg. 13, the liquid crystal panel of the first embodiment is a TFT LCD, A comnrwn electrode 12 is 
formed on one glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formed 
parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 1 3 formed like a matrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment A negative liquid crystal is sealed in between the 
two stit^t^Th^^^ 

v»rtiile the glass substrate 17 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now. tiie 
shapes of the electrodes which are constituent features of the present invention will be described. 

Rgs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first ennbodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a state in which ti^e panel is seen obliquely, and Rg. 14B 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment. Rg. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 
panel of the first embodiment, and Rg. 17 is a sectional view of the liquid aystal panel of the first embodiment. 

As shown in Rg. 17, a black matrix layer 34, an ITO film 12 providing color filters and a common electrode, arxJ 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 16 facing a liquid crystal. The ITO film and protiojsions are coated with a vertical alignment film tiiat is omitted 
therein. Gate electrodes 31 forming gate bus lines. CS electrodes 35, insulating films 40 and 43, electrodes forming 
data bus lines, an ITO film 13 providing pixel electrodes, and protrusions parallel to one another with an equal pitch 
among them are formed on the surface of a side of a TFT substrate 17 facing the liquid aystal. The TFT substrate Is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure. Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment, protrusions 20A and 20B are made of a 
TFT flattening material (positive resist). 

As shown in Rg. 14 A. the pattern of tfie protrusions 20 A and 208 is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20 A and 208 are arranged to be offset by a 
half pitch. The structure shown in Rg. 148 is thus realized. As mentioned in conjunction with Rg. 9B. the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 15. As shown in Rg. 15, in a general color- 
display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red. 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be an-ayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden behind the protrusions 20B) are laid down sideways, and data bus lines 32 are laid down lengthwise. The TFTs 
33 are located near intersections between the gate bus lines 31 and data bus lines 32. whereby the pixel electrodes are 
interconnected. Opposed to tiie gate bus lines 31 , data bus lines 32, and TFTs 33 included in tiie respective pixel elec- 
trodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor fa stabilizing display are placed. Since the CS electrodes are light-interceptive, the CS-electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequentiy. each pixel is divided into an upper part 13A and 
lower part 13B. 

In each of the pixels 13A and 138, three protrusions 20A are lying and four protrusions 208 are lying. Three first 
regions each having the protrusions 208 on the upper side of the panel and the protrusions 20 A on tiie lower side 
thereof, and three second regions each having the protrusions 20A on the upper side thereof and the protrusions 208 
on the lower side thereof are defined in one pixel composed of the pixels 13A and 138. In tiie pixel composed of the 
pixels 13A and 138. a total of six regions of tiie first and second regions are defined. 

As shown in Rg. 1 6, on the margin of the liquid aystal panel, the pattern of the protrusions 20A and 208 is extend- 
ing outside topmost pixels and beyond rightmost pixels. This is intended to allow orientation division to occur in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Figs. 1 8A and 1 88 are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 1 00 
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of the first embodiment through which a liquid aystal is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, after the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a Iquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it tak s nmjch more time to inject a liquid crystal. For shortening 
5 the time required for injecting the liquid crystal, as shown in Fig. 1 8A. a liquid-crystal injection port 1 02 should pref rably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basts. Reference numeral 101 denotes a sealing line. 

During injection of a fiquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid crystal. The exhaust ports 
10 should, as shown in Rg. 18B, be located on a side opposite to the side on which the injection port is located. 

Rg. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 12 and 13 formed on the substrates is restricted 
to 3.5 miCTometers by means of spacers 45, The protrusions 20A and 20B have a height of 1.5 micrometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20 A and 20B are spaced by 15 micrometers. This means that 
75 a spacing between adjoining protrusions formed on the same ITO electrodes is 35 miaometers. 

After an intermediate voltage is applied to the panel of the second embodiment the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore, in the panel of the first embodiment a response speed has quite improved. Rgs. 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first enrtiodiment in relation to 
20 changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Rg. 20A 
indicates an on speed (for transition from 0 to 5 V). Rg. 20B indicates an off speed (for transition from 5 to 0 V), arKi 
Rg. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs. 20 A to 21 . a fall time 
off is hardly dependent on the spacing but a rise time on varies greatly The smaller the spacing is. the higher the 
response speed becomes. Inciderrtally. the thickness of cells is 3.5 miaometers. The practical value of the spacing var- 
25 ies slightly depending the thickness of cells. That is to say. when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed. It has been actually confirmed that as far as the spac- 
ing is atxjut 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly. 

In any case, the panel of the first entbodiment permits the satisfactory switching speed. For example, when the 
spacing between protrusions is 15 miaometers and the thickness of cells is 3.5 micrometers, the response speed for 
30 transition between 0 and 5 V, that is, the on time on is 9 ms, the off time off is 6 ms, and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Rgs. 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first embodiment Rg. 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Rgs. 23A to 24B show changes in 
display luminance levels con^esponding to 8 gray-scale levels in relation to viewing angles. Rg. 23A shows a change 
35 occurring at an azimuth of 90**, Fig. 23B shows a change occurring at an azimuth of 45", arxi Fig. 23C shows a change 
occurring at an azimuth of O". Rg. 24A shows a change occurring at an azinmrth of -45**. and Rg. 24B shows a change 
occurring at an azimuth of -90". Hatched parts of Fig. 22 indicate areas in which a contrast is 10 or less, and doutDle- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
40 vertically uniform characteristic unlike the one provided t>y the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C, gray-scale reversal of black occurs at a viewing angle of 
at>out 30**. Sheet polarizers are bonded in such a way that the ai>sorption axes thereof will lie at 45** and 135** respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 
45 oblique direction is very good. The characteristics offered by ttiis embodiment are ovenvhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightiy inferior to the IPS mode in terms of viewing angle char- 
acteristic. However, once one phase-difference film or optical compensation film is placed on the panel of ttie first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode. Figs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 
so the first embodiment having the phase-difference film, and con-espond to Rgs. 22 to 23C. As illusti-ated. deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occuning in a 
lateral direction on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display However, generally, gray-scale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase-difference film is employed, better 
55 characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing difficulty 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is dis- 
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played in black, light leaks out near th protrusions. Rg. 27 ts a diagram for explaining occun-ence of light leakage near 
the protrusions. As illustrated, light inckient vertically on portions of the electrodes 13 on the lower sut>strate on which 
the protrusions 20 are fonned is transmitted to some extent because liqukJ crystalline rrwlecuies are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast. Ik^uki 

5 crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light therefore leaks out 
near the apices. TTie same applies to the electrode 12 on the upper sibstrata During black display, near the protru- 
sions, hafftone display and kdack display are carried out partially This partial difference in display is microscopic arxJ 
discemble to naked eyes. The whole display exhibits averaged display intensity The black display deterbrates a bit, 
whereby contrast deteriorates. The protrusbns are therefore made of a material not allowing passage of visible light 

70 namely, made of material shiekiing visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusions are made of a material shielding visible light, contrast can be further improved. 

A change in response speed occurring when the spacing t^etween protrusions is varied has been described in con- 
junction with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were 7.5 

75 micrometers and 15 mraometers respectively, and the thickness of cells was approximately 3.5 micrometers. The 
height of the resist was set to 1 .537 pm, 1 .600 ^m. 2.3099 pm. and 2.4486 nm. The transmittance arKl oontrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 28 and 29. A change in transmittance 
depervjerrt on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) Is shown in Fig. 30. 
A change in transmittance deperxjent on the height of the protrusions (resist) occurring in a black state (when no volt- 

20 age is applied) is shown in Fig. 31. A change in contrast ratb dependent on the height of the protrusions (resist) is 
shown in Rg. 32. The higher the resist is. the higher the transmittance in the white state (when a voltage is applied) 
b comes. This is presumably attritxitable to the fact that the protrusions (resist) filling a supplementary role for tilting 
Ik^ukj crystalline molecules are large enough to tum down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 

25 irK:rease in height of the resist This causes black levels to fall arKl is therefore not very preferable. The causes of light 
leakage will be described in conjunction with Fig. 27. Liquid crystalline molecules tying irrvnediately atxTve the protru- 
sions (resist) and in the spacings between the protrusions are aligned vertically to the surfaces of the sutDstrates. Light 
leakage does rK>t occur in these places. However, liquid crystalline molecules lying on the slop>es of the protrusions are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes increases and a light leakage increases. 

30 The contrast (white luminance level / black luminance level) decreases as the resist gets higher. However, even 
when the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved wfthbut any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liqukl crystal displays of size 15 were produced using TFT substrates 

35 and GF substrates having protrusions of 0.7 micrometers, 1.1 micrometers. 1.5 micrometers, and 2.0 micrometers in 
height The trend revealed by the results of the experiment was also observed in the actually-produced liquid crystal 
panels. For actual viewing, because the contrast has been originally high, deteriorations in contrast occumng in the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achieved. This is 
presun^y because the panels originally permitted high contr a st s arKl a little decrease in contrast was indiscerna:>le to 

40 human eyes. Moreover, a panel including protrusions of 0.7 nrricrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on rrwlecular alignment. Display was perfectly normal. Conse- 
quently, even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline molecules. 

Rg. 33 is a diagram showing a pattem of protrusions in the second emfcxxjiment. As shown in Rg. 15. in the first 

45 embodiment, protrusions are linear and extending in a direction vertical to the longer sides of pixels. In the second 
err^odiment. protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
the second embodiment are identical to those of the first errtxxJiment. 

Rgs. 252A and 252B show a modification of the second embodiment wherein Rg. 252A shows a protrusion pat- 
tern arKl Rg. 2528 is a sectional view showing the arrangement of the protrusion arrangement. In this modification, the 

50 protrusion 20A disposed on the electrode 12 on the side of the CF substrate 1 6 is extended in such a fashion as to pass 
through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 
is disposed on the side of the TFT substrate 1 7. Therefore, the liquid crystal is oriented in two directions inside each 
pixel. As shown in Rg. 2528, the domain is divided by the protrusion 20 A at the center of the pixel. Since the edge of 
the pixel electrode serves as the domain regulating means around the pixel electrode 13. the orientation can be divided 

55 stably In this modification, only one protrusion is disposed for each pixel and the distance between the protrusion 20A 
and the edge of the pixel electrode 13 is great. Therefore, the response speed becomes lower than in the secorxl 
embodiment but the production process becomes simpler because the protrusion is disposed on only one of the sides 
of the substrate. Further, because the occupying area of the protrusion inside the pixel is small, display luminance can 
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be improved. 

Fig. 253 shows a protrusi n pattern of another modification of the second embodiment The protrusion 20A dis- 
posed on the electrode 1 2 on the side f the CF substrate 1 6 is positioned at the center of the pixel 9, and no protrusion 
is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for example. Therefore, the liquid crys- 

5 tal is oriented in four directions inside each pixel. This modification can oljtain the same effect as that of th. modification 
shown in Rg. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
nance can be all the more improved. 

In the first ar^d second embocfiments. numerous linear protrusions extending unicfirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 

10 wrtiich Iquid crystalline molecules in two regions are aligned differ from each other by 180**. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimuths including an azi- 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Figs. 7A to 7C occurs. For this rea- 
ls son. orierrtation division should preferably be division of the orientation into four directions. 

Rg. 34 is a diagram showing a pattern of protrusions in the third embodiment As shown in Rg. 34. in the third 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
within each pixel 9. Herein, the pattern of protrusions extending lengthwise is aeated in the upper half of one pixel, and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, tiie pattern of protrusions 

20 extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different t>y 
180**. tiiat is. divides each pixel or domain sideways into two regions. The pattem of protrusions extending sideways 
divides the orientation of the liquid crystal l^gthwise into azimuths that are mutually different by ISO**, that is. divides 
each pixel or domain lengtfiwise into two regions. Consequentiy, ttie orientation of the liquid crystal witNn one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics ttiereof relative to 

25 t>oth the vertical direction and lateral direction are improved. In the third embocfiment the components other than the 
pattern of protrusions are identical to those of the first embodiment 

Rg. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This modification 
is different from the tiiird embodiment shown in Rg. 34 in a point that a pattem of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof. 

30 Even in this case, like tiie patterns of protrusions shown in Fig. 34. the orientation of the liquid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 
lateral direction are inrproved. 

The first to third enrtoodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Rg. 36. the alignment of liquid crystalline molecules near the apices of the protrusions is not regulated at all. 

35 Near the apices of tiie protrusions, the alignment of liquid crystalline nx>lecules is tiierefore not controlled to deteriorate 
display quality. The fourth embodiment is an example for solving this kind of problem. 

Rgs, 37A and 37B are diagrams showing the shapes of protrusions in the fourth embodiment. The other conrtpo- 
nents are identical to those of the first to third entxxjiments. In the fourth emtxxliment, as shown in Rg. 37A. the pro- 
trusions 20 are partiy tapered. The length of the taper portions is about 50 micrometers or less than it For creating a 

40 pattern of this kind of protrusions, the pattem is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the alignment of liquid aystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a nrxxSification of the fourth embodiment as shown in Rg. 37B, tapered juts 46 are fonned on each 
protrusion 20. Even in this case, tiie length of each tapered portion is about 50 micrometers or less than it For aeating 

45 a pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of the protrusions is applied, 
and the tapered juts 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the alignment of 
liquid crystalline molecules near the apices of the juts can be controlled. 

Rgs. 38A and 38B are diagrams showing the structure of a panel in tiie fifth embodiment Rg. 38A is a diagram 

50 illustratively showing a state in which the panel is seen otrfiquely. and Rg. 388 is a side view. The fifth embodiment is 
an exanple in which the structure of a panel corresponds to the structure shown in Rg. 12C. The protrusions 20 A are 
created as illustrated on tiie electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
applying a positive resist, and ttie slits 21 are created in the electrodes 13 (herein, cell (pixel) electrodes) formed on the 
surface of the ottier substrate. 

55 Cost serves as an important factor for determining whether a liquid crystal display device could become commer- 
cially successful or not. The liquid crystal display device of the VA system and. particulariy, tiie VA system equipped with 
a domain regulating means features a high display quality as desaibed above but becomes expensive due to the pro- 
vision of the domain regulating means and. hence, it has been desired to further decrease the cost 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an increased number of steps and increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a slit is formed. On the side of the TFT substrate, therefore, th cost can be 

5 decreased when the domain regulating means is fomned by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit Is to be formed in the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Like in the liquid crystal display device of the first embodiment of the 

10 present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter substrate is formed by a protrusion, driving up 
the cost little. 

Rg. 39 is a diagram showing a pattern of slits of each pixel electrode in a modification of the fifth embodiment This 
modification corresponds to an exan^le in w^ich the protrusions 20B are replaced with the slits 21 in the third embod- 
is iment. 

When a slit is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 

^ electrodes togethenSfRS^^ 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristics, lumi- 

20 nance of the panel arxi response speed. 

According to this as shown in Fig. 39, therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 1 3 and are shielded by the black matrices (BM) 34 to obtain luminance and response speed comparable 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into upper and lower two por- 

25 tions. Reference numeral 34A denotes an opening of the upper side defined by BM. and 348 denotes an opening of the 
lower side defined by BM. and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal material and have light-shielding 
property. To obtain stable display, the pixel electrodes must be so fomied as will not be superposed on the bus lines, 
and light must be shielded between the pixel electrodes and the bus lines. Furthermore, when anwrphous silicon is 

30 used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of eroneous operation. Therefore, the TFT portions nvst be shielded from light Therefore, the BM 
34 has heretofore been provided for shielding tight for these portions. According to this embodiment the electric con- 
n ction portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide the BM for sWeWing light for the electric connection portions; i.e.. tiie conventional BM may be used or the BM 

35 may be slightly exparKled without decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel is divided into two portions, and therefore basi- 
cally exhibits the same characteristics as the one of the first embodiment. The viewing angle characteristic of tine panel 
becomes identical to that of the panel of the second embodiment when the phase-difference film or optical conpensa- 
tion film is employed. The response speed of the panel is slightiy lower than that of the panel of the first emtxxliment, 

40 because oblique electric fields induced by the slits formed in one substrates arc utilized. Nevertheless, the on speed is 
8 ms, the off speed is 9 ms, and the switching speed is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned atxve. display is seen little irregular. However, the manufacturing 
process is sinpler than those of the first and second embodiments. For example, in the course of fbmning ITO pixel elec- 
trodes (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is then drawn on a com- 

45 mon electrode using a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can tiierefore fc>e omitted. 

For the reference, the measurement results of an example in which slits are provided on the cell (pixel) electrode 
and no slit is provided on tiie counter electrode is described. In this example, tiie cell electrodes have the slits, and the 
width and pitch of the slits are determined properly. Owing to this constitution, stable alignment is attained, that is. liquid 

so crystalline molecules are aligned in all azimuths of 360" inside walls defined wrth oblique electric fields induced near 
the slits. The liquid crystalline molecules are aligned in all azimuths of 360** within each small region. The viewing angle 
characteristic of the panel is therefore excellent. An image that is seen homogeneous in all azimuths of 360** can be 
produced. However, a response speed has not been improved. An on speed is 42 ms. and an off speed is 15 ms. A 
switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 

55 much. This means that no problem occurs in displaying a still image but the response speed is not high enough to dis- 
play a motion picture like the one offered by the IPS mode. If a number of the slits Is decreased, the response speed is 
further decreased. This is presumably that when the number of the slits is decreased, the area of each domain 
becomes large, and it lengthens a time in which all liquid crystalline molecules are oriented. 
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In the fifth embodiment when a vottage is applied, the liquid crystal has portions, in which nrwlecular alignment is 
unstable. The reason will be described with ref rence to Figs. 40 and 41 . Rg, 40 is a diagram illustrating the distribution 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direction perperKlicular to the 
direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal orientation. 
Therefore, as shown in Fig. 41. liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a drection vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 . 
Near the apices of the protrusions and the centers of the slits, liquid crystalline molecules are aligned in a horizontal 
direction but not in the vertical direction. Oblique electric fields induced by the slopes of the protrusions or the slits ena- 
ble control of the liquid crystal in the vertical direction in the drawing but cannot enat)le control in the lateral direction. 
For this reason, a random domain is produced sideways near the apices of tiie protrusions arxj the centers of the slits. 
This has been confirmed through microscopic observation. A domain near the apex of a protrusion is too small to bo 
discerned, causing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 
sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen in-egular. This leads to deteriorated display quality. The panel in the fifth emtxxJiment makes a littie poor impres- 
sion on image quality compared with the one provided by tiie first embodiment though display has no problem. 

Abnormal orientation causes the luminance of the panel and the response speed to decrease. For example, a com- 
parison of a practical device in which an electric connection portion is formed at tiie central portion of the pixel electrode 
with a practical device in which a protrusion is provkJed. indicates abnormal concfitions such as a drop in the luminance 
and a resklual image in which white appears bright for a moment when t>iack changes into white. In the sixth emtxxii- 
ment. this problem is solved. 

A panel of the sixth embodiment is provided by modifying tfie shape of tfie protrusions 20A and that of the slits 21 
in the cell electrodes 13 in tiie panel of the fifth embodiment. Rg. 42 is a diagram showing the shape of the protrusions 
20A of the sixth embodiment and that of tiie cell electrodes 13 thereof virfiich are seen in a direction vertical to the panel. 
As illustrated, the protrusions 20A are zigzagged. Owing to tiiis shape, as shown in Rg. 43, a domain divided regulariy 
into four regions is produced. Consequently, irregular display that poses a problem in the fifth embodiment can be over- 
come. 

Rg. 44 is a plan view of a pixel portion in the LCD according to a sixth emtxxliment of the present invention, Rg. 
45 is a diagram illustrating a pattern of a pixel electrode according to ttie sixtii embodiment, and Rg. 46 is a sectional 
view of a portion indicated by A-B in Rg. 44. 

Referring to Rgs. 44 and 46. in the LCD of the sixtii embodiment on one glass substi-ate 16 are formed a l>lack 
matrix (BM) 34 for shielding light and a color decomposition filter (color fitter) 39. and a common electrode 1 2 is formed 
on one surface thereof. Moreover, sequences of protrusions 20A are formed in a zig-zag manner. The glass substrate 
16 on wNch tiie color fitter 39 is fonned is called color fitter substrate (CF substrate). On ttie other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurality of data bus lines 32 an^nged in parallel in a 
direction perpendicular to the scan bus lines. TFTs 33 arranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 13. The scan bus lines 31 form gate elec- 
ti-odes of ttie TFTs 33, and the data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as the data bus lines 32 and are formed simultaneously with the formation of the drain electrodes. A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and ttie data bus line 32, an insulating film is formed on the layer of the data bus line 
32 and. besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 
rectangular shape of 1 .-3 as shown in Fig. 45, and has a plurality of sirts 21 in a direction titted by 45 degrees wrth 
respect to the skies tiiereof. In order to stabilize the potential of every pixel electrode 13. furthermore, a CS electrode 
35 is provided to form a storage capadtor. The glass substrate 1 7 is called TFT sutjstrate. 

As shown, the sequences of protrusions 20A of tiie CF substrate and the sirts 21 of the TFT substrates are 
arranged being deviated by one-half pitch of their arrangement so that the substrates maintain an inverse relationship. 
The protrusions and the slits maintain a positional relationship as shown in Fig. 12C, and the orientation of the Ik^ukj 
crystals is divided into four directions. As described above, the pixel electrode 13 is formed by forming an ITO film, 
applying a photoresist ttiereon, exposing it to light through a pattern of electrode, followed by developing and etching. 
Therefore, the sirt can be formed through the same step as the conventional step if the patterning is so effected as to 
remove the portion of Uie sltt. without driving up the cost. 

Upon forming the slits in ttie pixel electrode 1 3, the pixel electi-ode 13 is divided into a pluralrty of partial electi-odes. 
Here, however, a signal of ttie same voltage must be applied to tiie partial electrodes and. hence, the partial electrodes 
must be electrically connected togettier. According t tiiis embodiment as shown in Fig. 45. therefore, the pixel elec- 
trode 1 3 is not completely divided by slits, but the electrode is I ft at ttie perimeti-ic portions 1 31 . 1 32, 1 33 of ttie pixel 
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RnrsSTsSJ are diagrams illustrating a process for producing a TFT substrate according to the eighth emtood- 
fnTOLa^i^torSSTFt^apix^^ 



'^^'^Ztothis embodiment asdescribed above, the protru^on20C^^ 
trusion. however, may be formed by one layer or by a combination of two layers. 
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Rg. 54 is a diagram showing the shape of th protnjsions 20A and 20B in the ninth embodiment which ar seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pixel portions of the ninth mbod- 
iment A panel of the ninth emtxxfiment of the pres nt invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment like thos in the one of the sixth embodiment As illustrated, the protrusions 20A 

5 and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutually different by 90"*. Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regiorts can be attained. In practice, a panel in which a thickness of the liquid crystal 
layer is 4.1 pm. a width and height of the protrusions 20A are respectively ^Q \xn\ and 4 fim. a wkith and height of the 

w protrusions 208 are respectively 5 ^m and 1 .2 ^m, a gap between the protrusions 20A and 20B (a distance in the direc- 
tion shifted by 45** from the horizontal line in the figure) is 27.5 ^m, and a size of the pixel (pixel arrangement pitches) 
is 99 iini X 297 ^m has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tical to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment and is so excellent as to dennonstrate that the orientation is divided vertically and laterally uniformly. 

IS Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
according to materials of the protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer arxJ 
so forth. 

In the panel in the ninth embodiment, the direction of tilt of liquid crystalline molecules can be controlled to include 
four directions. Regions A. B. C. and D in Fig. 54 are regions to be controlled so that liquid crystalline molecules therein 

20 will be aligned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in all pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 48C is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable. The pattern of protrusions shown in f^g. 54 is therefore formed all over tiie substaates with the pitch of pixels 

25 ignored. The width of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
resist is 1 .1 micrometers, and the thickness of celts is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
was increased to be 15 micrometers arxl the interval between resist lines was increased to 30 micrometers, nearly the 

30 same results were obtained. Consequentiy. when the width of protrusions and the pitch of repeated patterns are made 
much smaller than the pitch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel Ignored, 
good display can be attained. Besides, the freedom in design exparxjs. For completely preventing interference with bus 
lines, the pitch of repeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 
pitch of pixels. Likewise, a cycle of protrusions must be designed in consideration of a cyde of pixels and should pref- 

35 erably be set to an integral submultiple or multiple of the pitch of pixels. 

In the ninth ennbodiment, when a pattern of protrusions that is discontinuous like the one shown in Fig. 56 is 
adopted.-the ratio of regions wrtiiin one pixel in which liquid crystalline molecules are aligned in four different directions 
is even. There is still no pSrticuiar problem in manufacturing. However, since the pattern of protrusions is discontinuous, 
the orientation of the liquid crystal is disordered at the edges of patterns. This leads to deteriorated display quality such 

40 as light leakage. Even from this viewpoint preferably, the pitch of repeated patterns of protrusions shouU be matched 
with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted. 

In the ninth embodiment, the protrusior^ of dielectric materials are formed In a zig-zag manner on the electrodes 
1 2. 1 3 as the domain regulating means arxj the protrusions regulate the alignment direction of the liquid crystalline mol- 
ecules. As descnl^ed above, the slits provided on the electrodes generate oblique electric fields, at the edges thereof, 

45 and the oblique electric fields operate as tiie domain regulating means. The edges of the cell (pixel) electrodes also 
generate ot^tique electric field. Therefore, the oblique electric field nujst be considered as the domain regulating means. 

Figs. 57A and 57B are diagrams for explaining this phenomenon and shows the case of the vertical orientation 
somewhat inclined from the vertical direction. As shown in Rg. 57A. each liquid crystal particle 14 Is oriented substan- 
tially vertically when no voltage is applied thereta Upon application of a voltage between electrodes 12 and 13, how- 

50 ever, an electric field is generated in vertical direction In the electrodes 12 and 1 3 In the region other than the perimeter 
of the electi-ode 13, so that tine liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field. 
One electrode is a common electrode, arrd the other electrode is a display pixel electrode separated Into each display 
pixel. Therefore, as shown in Rg. 57B, the direction of the electric field 8 Is inclined at its perimetric edge (edge). The 
liquid crystalline molecules 14 are tilted in the direction perperxdlcular to the electric field 8. The direction of inclination 

55 of the liquid crystal, therefore, is different between the central portion and the edge of the pixel as shown. This phenom- 
enon is called "reverse tilt". A reverse tilt causes a schlieren structure to be formed in the display pixel area and thus 
deteriorates the display quality. 

The reverse tilt also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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^ -r ^ ^ .r« h« observed in a configuration formed with the zigzag protrusion pattern 
a portion 41 where the schlieren structure can ^f^^^L^ tomi the neighborhood of the portion 41 wher a 
of the ninth entoodiment Rg. 59 is a diagram '''^^T^'^'^'Zt^^^ 

schUerenstructureisobserv«Jandalsoshowsthed.rerton.^^^ electi«Je sub- 

app,^,on^ e^^ge^ej^o^-n l^s^^ afignment f iim ^ 

5 strata formed with a TFT and °PPwea J^^^^j^ cell thickness is 3.5 pm. TTie portion 41 where the 
printed, and the d«iceis ^^^^^^^^^Si^J^Sh^ l^uid ^Hne molecules are fallen by the orierrta- 
scWieren structure is observed .s '^^''^'^^^^.^Z^^^^^^ the direction of orientation regulation 

Te^rr^rTSs^™^^ 

.n*ecasewh.e.ej.u«cr^2?„2»r.y^^^^^^ 

s^^KrsrcKs^^^ 
...srs^rrs^rrr^^^ 

right edge lacte a region appearing wad. In corr^nden^^ 
iid crystalline molecules are tirted by the orientaljon r^^^^^ 
diferert from the direction of orientation regulation due to me p«^ 
direction in which the liquid crystalline molecules are ttted by the or^erta^^ 

field comparatively coincides with the direction of ""^^^^^^^'t^^"^^^^^^^^ absent in 

the right edge. In similar fashion, a region loolong direc^on in'which the fiquid 

the neighborhood of the left edge. In «>^'«^'^«"«jr*;!L^' e ectricfield is considerably differ- 

ttie left edge. ^♦K«Hicnia«nuaiitv is attributable to the portion where the direction in which 

As described above, the detenoration of the d splay quahty fj*^^^ " r" ^ , electric field at an edge 

cation of a voltage thereto, as shown m Rg. S2B J*?"^ .^^Jr^e S 13. ttie electric field is fomied 

mol=™te 14 in th. »n» dl~c*>n a. in Ihe dSpta, r^tor. « s^^^^^ 
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tion shown in Rgs. 62A and 62B is realized at the portion formed with the protaision 52. where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation in the display region, as 
shown in Fig. 64. Therefore, the schli ren structure that has been observed in Rg. 58 cannot be observed in Fig. 64 for 
an improve display quality. 

5 Rg. 255 shows a modification in which the protrusion 52 is arranged to face tiie edge of the pixel electrode 13. In 

this nKXfification, no shlieren structure is observed. 

The tenth embodimerrt. which uses an acryltc transparent resin for the protrusion, can alternatively use a black 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with tiie embodiments described below. 

10 The protrusion 52 which is formed as a non-display region domain regulating mear^ in the non-display region as 
shown In Rgs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however, is 
required to be formed on the TFT substrate. 

Any non^ispiay domain regulating means which has an appropriate orientation regulation force can be employed. 
The direction of orientation is known to change, for example, when the light of a specific wavelength such as ultraviolet 

15 light is irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Rgs. 65A and 65B are diagrams for explaining the change in orientation direction by irradiation of ultraviolet light. 
As shown in Rg. 65A. a vertical alignment fHm is coated on the substrate surfece. and a non-polarized ultraviolet light 
is in-adiated on it from one direction at an angle of, say, 45" as shown in Rg. 65B. Then, the direction of orientation of 

20 the liquid crystalline molecules 14 is known to tilt toward the direction in which the ulfaaviolet light is irradiated. 

Rg. 66 is a diagram showing a nrxxiification of the tenth emtxxjiment The ultravk)let light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Rg. 63. As a result, the portion 53 comes to have an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the edge of 

25 the cell electrode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained. The 
ultraviolet light, though inradiated only on the TFT sut>strate in Rg. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF sutjstrate. The direction in which the ultraviolet tight is in-adiated is 
required to be set optimally striking a balance between the degree of tiie orientation regulation force in relation to tiie 
irradiation conditions and the orientation regulation force due to the diagonal electric field. 

30 The non-display region domain regulating means, which reduces the effect of the diagonal electric i\e\d generated 
at an edge of the cell electrode on the ori^ation of the liquid crystalline molecules in the display region and stabilizes 
the orientation of tiie Piquid crystalline molecules in the display region, is applicable to various systems including the VA 
system. 

. Now, desirable arrangements of the protrusions and depressions, which operate as the domain regulating means. 

35 which respect to edges of pixel electrodes will be described. Figs. 67A to 67C are 22 diagrams showing fundamerttal 
relative positions of the edge of the cell electrode and protrusions acting as domain regulating means. As shown in Rg. 
67 A. protrusions 208 are arranged at the edges of the cell electi-ode 1 3. or a protrusion 20A is arranged on the common 
electrode 12 opposed to tiie edge of the cell electrode 13 as shown in Rg. 678. As another alternative, the protrusion 
20 A on the CF substrate is formed inskje the display region with respect to the edges of the ceil electrode 1 3. as shown 

40 in Rg. 67C. while the protruskjn 208 on tiie TFT substrate 1 7 is arranged in the non-display region. 

In Rgs. 67A and 678. the protrusions are arranged at the edges of the cell electrode 13 or in opposed relation 
thereto, and the region where the protrusions affect the orientation direction of the liquid crystal is defined by the edges. 
Regardless of the state of the diagonal electric field in the non-display region, therefore, the orientation in tiie display 
region is not affected whatsoever. Thus, a stable orientation is secured in the display region and the display quality is 

45 improved. 

According to the conditions for arrangement shown in Rg. 67C. tiie orientation restriction force of the diagonal elec- 
tric field at an edge of the cell electrode 1 3 is in the same direction as the orientation regulation force of the protrusions, 
and therefore a stable orientation can be obtained without developing any domain. 

The conditions under which the direction of the orientation regulation force of tiie diagonal elertric field coincides 

so with the direction of the orientation regulation force of the domain regulating means can be realized also using a depres- 
sion instead of a protrusion. Rg. 68 is a diagram showing an arrangement of edges and depressions for realizing the 
conditions for arrangement equivalent to Rg. 67C. Specifically, the protrusions 208 on tiie TFT subst^te 17 are 
arranged inside the display region, and the protrusions 20A on the CF substrate are arranged in the non-display region 
with respect to the edges of the cell electrode 13. 

55 Figs. 69A and 698 are diagrams showing an arrangement of a linear (striped) protrusion arrangement constituting 
a domain regulating means on a LCD realizing the conditions Fig. 67C in the first embodiment. Fig. 69A is a top plan 
view and Rg. 698 is a sectional view. In the configurati n of Figs. 69A and 698. the protrusion height is about 2 ^m. the 
protrusion width is 7 ^m and the inter-protrusion interval is 40 ^m. After two substrates are attached t each other, the 
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portion. Therefore, a superior display qu^ityjs '^"'^^^^^^^^'^^^ JSarodes 13. the corKlitions 
Ktweer, the cell electrodes 13in F«8. ^^"'^^^f'^^^^^^.TJ^^^r^^ between the two sub- 
o. F.g. 67A can be met while "J^^'^yr^efB* ''^^ arranged on or in opposed relation 

strates. on the other hand, the oonditiors ol ^^Jr^^^-^^sOAe 17 or on the CF substrate 16. Considering the 

edges of the cell elec^ode o" tfie TFT^ib^te 17^ rectangular grid similar to the rfcterigular 

In the example shown m Rsp. 7°f,^«^°^XrS.w^r an equal proportion cannot be secured for all the d.rec- 
cell electrodes. Since the protrusrans are rectangular, tewww.an^ embodiment is con- 

tions Of orientation, of thfe. « P^f ^'f domain is generated in me 
ceived. As described ''^ ^^^^^^^^ 

neighborhood of the edges of the cell as shown in Rg. 71. is the next 

independentprotrusionsfordmererr^u^^ m^^^ i„ Pig. 71. howler, an 

subject of discussion. In the case whe^e P^V^°"^ n, J,e obcel 13 witti the result that the difference in distance 
abnormal orientation occurs at ti« portion ,ndK«ted^ 

„om an electricfield controller (TF) 33 ^« ^^^^^^^^^^t eSil?^^^ arrangement of the protrusions in rela- 

rtJ^ttS^^^^ 

' •"^•Rg.72.ac«agramsha.ngtheshapeso.Jecen.^^ 

33 anJthe protrusions 20A. «.B f '^^'^^^ »;f;2'S:;r^^^ 20B. TOs shape pr«,ents the occur- 

electrode 13 has a shape similar to the bent form ^ 33 the end of the cell electrode 13 can 

edges of the cell electrode 13 or the edges «^ subrtratft J« ,| „ tfT substrate, 

case, too. the protrusions are desiraWy fo"n«lat *.e J^^^^^ J*J;^^°^es parallel to the gate bus line 31 but 
^ Neverti^eless. the "'f ^^^^^^ a^^^lTe Ser^cZn is ex^sed to the effect of the diagonal 

50 ment of F.g.'72 in which the gate bus line 31 '"^^^-^'re^S^ ^^^^^ rsTeSJneaT^hile the data bus line 32 
the cell electrode 13 is shaped as shown^ Rg^ ^^Ve^f^^^e^ for different pixels but farm a continuous 
is bent in zigzag. In Rg. 73. the protrusions and ^OB are no^epe ^ ^^^^^^ ^^^^ 

protrusion covering a plurality of pads. The profusion 20B .s ^^jed ^ the ^ ^^j. 

The cell electrodes 13 thereby to ^^^^ ^riSonslrS^^l' ^^heTrt^s line 32 are formed in spatially opposed 

^-rti.?arg:mSX%*^^^^^^^^ 
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31 . TTie resulting effect of the diagonal lectric f ieW on this portion gives rise to the problem descrft>ed above with ref- 
erence to Rgs. 57A to 60. 

Rg. 74 is a diagram showing another nrxxirf ication of the twetfth embodiment. In the arrangement shown in Fig. 74, 
the protrusions are bent twice in a pixel. This makes the pixel somewhat rectangular in shape as compared with Rg. 73 

s and therefore the display is easier to view. 

Rg. 75 is a diagram showing the shapes of the cell electrode 1 3. the gate bus line 31 . the data bus line 32. the TFT - 
33 arxl the protrusions 20 A, 20 B according to a thirteenth embodiment. Rgs. 76A and 76B are sectional views taken in 
lines A-A' and B-B* in Rg. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag* the tenth emt>odiment includes the non-display region domain regu- 

10 lating means arranged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag, 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment the portion where the orientation is liable to be disturtsed and an undesirable domain is liable to 
occur as shown in Rgs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

15 At the portion A-A' shown in Rg. 75 is free of the effect of the diagonal electric f ieW. the BM 34 is narrowed as 
shown in Rg. 76A. while at the portion B-B' where the diagonal electric field has a considerable effect, the width of the 
BM 34 is increased as conpared with the prior art so as not to display any image. In this way. the display quality is not 
deteriorated nor an after-image or a reduced contrast is caused. The inaeased area of the BM 34, however, reduces 
the lunrtinance of display due to a reduced numerical aperture. Nevertheless, no problem is posed as far as the area of 

20 the increase of BM 34 is not considerable. 

As descn*bed with reference to the tenth to thirteenth embodiments, according to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the display quality can 
be improved. 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating means. A 

25 detailed observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
is divided in the directions 1 80** apart at the domain regulating means, that minute domains 90* different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain. 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described atxjve. the 

30 liquid aystal display device using a TFT requires a CS electrode contributing to a reduced numerical aperture. In other 
cases, a black matrix (BM) is provided for shielding the surrounding of the display pixel electrode and the TFT In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as fiar as possiWa 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The drcuit of each pixel in a liquid crystal panel having a storage 

35 capacitor is shown in Rg. 77 A. As shown in Rg. 17, the CS electrode 35 is formed in parallel to the cell electrode 13 in 
such a manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectric layer. The CS electrode 35 is connected to the same potential as the common electrode 1 2. and therefore, as 
shown in Fig. 77 A. a storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon applica- 
tion of a voltage to the liquid crystal 1 . a voltage is similariy applied to the storage capacitor 2, so that the voltage held 

40 in the liquid crystal 1 is held also in the storage capacitor 2. As compared with the liquid crystal 1 . the storage capacitor 
2 is easily affected by a voltage change of the bus line or the like, and therefore effectively contrtoutes to suppressing 
an after-image or a flicker and alleviating the display failure due to the TFT-off current The CS electrode 35 is preferably 
formed in the same layer as the gate (gate bus line), the source (data bus line) or the drain (celO electrode of the TFT 
element in order to simplify the process. Since these electrodes are formed of an opaque metal for securing the 

45 required accuracy, the CS electrode 35 is also opaque. As described above, the CS electrode is formed in parallel to 
the cell electrode 13, and therefore the portion of the CS electrode cannot be used as a display pixel for a reduced 
numerical aperture. 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferatjly as high as possible. As 
so explained above, on the other hand, the light leakage through the slit formed in the protrusion or the electrode for 
improving the display quality deteriorates the display quality. For eliminating this inconvenience, the protrusion is pref- 
erably made of a masking material and the slit is preferably masked with a BM or the like. Nevertheless, these meas- 
ures contribute to a lower numerical aperture. 

An arrangement of the protrusions 20A. 20 B and the CS electrode 35 of the embodiments as set above is shown 
55 in Rg. 77B. The protrusions 20A, 20B and the CS electrode 35 are opaque to the light and the corresponding portions 
have a lower numerical aperture. The protrusions 20 A, 20B are formed partly in superposition txjt partly not in super- 
position on a part of the CS electrode 35. 

Rgs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 
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35 accorting to an I4th embodiment. Hg. 78A is a top plan view and Rg. 78B is a sectional vie*. ^^^'=^^'^ 
CS elecSxle units 35 are arranged under the protrusions 20A. 20B. l=or a storage Mpacrtor ^^P^^'^^ 
ipkcitance to be realized, a predetermined area is required of th CS electrode unrts SS^THe ^J^^J'^ ^l 
STcSits into which the CS electrode 35 is divided as shown in Rgs. 78A and 78B ^nades w*, me ar«a ^*e CS 
eTitrode 35 shown of Rgs. 77A and 77B. Further, in view of the fact that the CS electrode units a^ the Pfotasions 
2oTS5 afe all superpc»ed one on another in Rgs. 78A and 78B. the numerical aperture .s not substenfaBy reduced 
^e^l^oJ^uc^ by the CS electrode alone. It follows, therefore, that the numerical aperture « not 
reduced by the provision of the protrusions. „ ^4i,«r<s-io/. 

Rgs. 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12 1 3 ar^ tie CS^ec- 
trade unte 35 according to a modification of the 1 4th embodiment. Rg. 79A is a top plan view and Rg. 79B s a sectmnal 
S Cs^lTSiSoS as a domain regulating means and are preferably masked for preventing *e l«ht teatege 
J.retIIS.gh ln i,r^^^^ 

area of the CS electrode units 35 remains the same, the numerical aperture is not reduc^. , , ^ . . ^ 
f?,s. 80A and SOB are diagrams showing an arrangement of the slits 21 of the elecfrodes 12^^ 

trade units 35 according to another modification of the 1 1th enibodim^^ Rg. 80A ,s a *e 
s rtonal view, "mis modification is identical to the aforementioned modrfication of Rgs. 78A and 78B except that the 

''^'^^iSrA" S^lSSgrams showing an arrangement of the slHs21 of the electrodes 12. 13. a^ me CS eleo 
tiode Sts 35 according to another modif ication of the 14th embodiment Rg. 81 A is a top plan vew Rg- 81B is a 
So^ai vie^. ^ nSLtion represents the case in which the total area of the ^^"^ ^^^^^'J^^^, 
ttiTtotal areas of the CS electrode units 35. According to this modification, the CS electrode unrts are arranged at posi- 
ttSTcor^eSrSi^ loL edges of the protrusions 20A. 20B and not arranged at the central portion of the P«^s.on. 
^^r^n^Z^i^^h^ving an Orientation angle 90- different 

trusion can be effectively utilized for a brighter display. .;«^ = 

Se^nstitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 

'^"^rsSrf^rrrp^^^^lt^teenth embedment inth.^ 

and 20B are disposal in parallel with one another on the upper and lower substrates, r^pectively. ^J^"^^^ 
!ie SmI from^ surface of the substrates, these protrusions 20A and 20B orthogonally cross one anoth«-. The hq- 
SJ^ySlin" mollis 14 are oriented perpendicularly to the slopes under the state where no voltage is app^^ed 
£w J2 Se elSSi but the l«,uid cryst^line ^^^^ 

are oriented perpendiculariy to the slopes. Therefore, the liquid crystalline molecules !^'^'^„°'^2r?i2l^^ 

Se orotrusions 20A and 20B are inclined under this state and moreover, the directions of inclination are drfferent by 90 

Ji'^S^^ me prS^ions 20A and 20B. When the voltage is applied between the ^^^^^^^J^^'^^ 

n?Ses are indinedinadirection which is parallel to the substrates, but becausethelK,^^ 

ISulatedinthe directions differert by 90 degrees near the protmsions20A and 20B.respectv^ 

^ae of the image in the case of twisting in this fifteenth embodiment is the same as that of the TN mode shown n 

R^?>. to 2C ^ 2C sh«« the state when no voltage is applied and this is different only in that when the voltage .s 

SS^the S^e ^es the one shown in Rg. 2A. As shown in Rg. 82. further, four different twist regions are 

SSi^^el^ng^^npassed by the protrusions 20A and 20B in thefmeenthembodi^^^ 

Z «^gle perfbrr^nce is excellent, toa Incidentally, the directions of the twists are different among the adjacent 

fSs 83A to 83D explanatory views useful for explaining why the response speed in the '^^enth embodimem is 
higherman that Of thefirst embodiment Rg.83A shows the state where no voHageis^^^^ 
nwlecules are oriented perpendicularly to the substrates. When the voltage is applied the iq^d «^y^^"^"® "^^J^ 
^^Sined in such a n«nner as to twist in the LCD of the fifteenth embodiment as shown in Rg. 83B. In contra^, me 
Tl^cr^^Sn^tnoiec^es at omer portions are oriented by using me liquid crystalline molecules keeping touch w,m 
Se prTSrs aTit^gger in the LCD of me first embodiment as shown in Rg. 83C: However me IquKl OTStJhne 
^Sl^ near me centS of me upper and lower protrusions move irregularty when the orientation cha.^^ b^^e 
tWS^e not limited, and they are oriented in me same direction as shown in Rg. 83D after the passage of a ce^.n 
oei^S d"lrnrQJn;SS me change speed of me twist of me LCDs is high not only in me LCD of me VA system LCD 
She 'ct^usSnid ^^^^^^ speed of me f ifteenm embodiment is higher man that oi me '-t «*od^ 

Ra 84 shows viewing angle performance of me LCD of the f rfteenth embodiment. This viewing angle perto^mance 
is e)Semi Sent in me «me way as that of me VA LCD of me first embodiment and is naturally higher man that 
of me TN mode and is at least equal to that of the IPS mode. 

Rg. 85A is a diagram showing the response speeds with the change of me gray-scale at me 1 sm graduation. 32nd 
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gradation. 48th gradation. 64th gradation and black (first gradation) when 64-gradation display is effected in the LCD of 
the fifteenth embodiment For reference. Rg. 85B shows the r sponse speed of the TN mode. Rg. 8SC shows th 
response speed of the mono-domain VA mode in which the orientation is not divided and Rg. 85D shows the response 
speed of the mutti-domain VA mode using the parallel protrusior^ of the first emtxxjiment. For example, the response 

5 speed from the full black to the full white is 58 ms in the TN mode. 19 ms in the mono-domain VA nrx>de and 19 ms in 
the multi-domain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full black is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms in the multi-domain type, whereas it is 6 ms in the fifteenth embocfiment and this 
value is higher than those of other VA modes. Further, the response speed from the full to the 16th gradation is 30 ms 

10 in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-donnain type, whereas it is 28 ms in the fif- 
teemh emtxxiiment and this value rennains at the same level as that of the TN mode and is by far more excellern than 
the viaiues of other VA modes. The response speed from the 1 6th gradation to the full black is 21 ms in the TN nrKXie. 
9 ms in the mono-domain type and 18 ms in the multi-domain type, whereas it is 4 ms in the fifteenth enrdxxjtment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode is 

15 extremely lower in comparison with any other modes, and the response speeds from the full kHack to the full white and 
vice versa are 75 ms. the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 16 gradation to the full black is 75 ms. 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. 

20 Rgs. 86A and 66B shows another protrusion patterns for accomplishing the twist type VA system descril>ed above. 
In Rg. d6A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one another, but to aoss one another when they are viewed from 
the respective substrates. In this enrtoodiment four twist regions are formed in the different way from Rg. 82. The direc- 
tion of the twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees. In 

25 Rg. 868 protrusions 20 A and 208 are disposed in such a fashion as to extend orthogonally in two directions to the 
respective substrates and to aoss one another but to deviate mutually in both directions. In this errtxxdiment, two twist 
regions having nrujtually different twist directions are formed. 

In Rgs. 82, 86A and 868. the protrusions 20 A and 208 disposed on the two sut^strates need not be disposed in 
such a fashion as to orthogonally cross one another. Fig. 87 shows a modification wherein the protrusions 20A and 208 

30 shown in Rg. 82 are so disposed as to cross one another at an angle other than 90 degrees. In this case, too, four twist 
regions having mutually different twist directior^ are formed, and the quantity of the twist is different between the two 
opposed regions. 

Furthermore, the same result can be obtained when slits are disposed in place of the protrusions 20A and 208 
shown in Rgs. 82, 86A and 868. 

35 In the fifteenth embodiment shown in Rg. 82, there is no means for controlling the orientation at the center portion 
in the frame encompassed by the protrusions 20 A and 208 in conrparison with the portions near the protrusions, and 
the orientation is likely to be disturbed because it is far from the protrusions. For this reason, an elongated time is nec- 
essary before the orientation gets stabilized, and it is expected that the response speed at the center portion becomes 
lower. The response speed attains the highest at the corner portions of tiie frame because they are affected strongly by 

40 the protrusions serving as two adjacent sides. The influences of the orientation at the comer portions are transferred to 
the center portion, impinge with the influences of other twist regions and the twist regions are rendered definite and are 
stabilized. In this way, all the liquid crystals are not simultaneously oriented, but certain portions are first oriented and 
then this orientation is tiansmitted to the portions neartsy. Therefore, the response speed becomes stower at the center 
portion far from the protrusions. When the frame defined by crossing is a square as shown in Rg. 82 for example, the 

45 Influences are transferred from the four corners but when the frame defined by the crossing protrusions is tiie parallel- 
ogram as shown in Rg. 87, the influences are transferred from the acute angle portions, where tine influences of the 
protrusions are stronger, to the center portion. The influences impinge at the center portion and are further transferred 
to the corners having an obtuse angle. Therefore, the response speed becomes slower in the parallelogramic frame 
than in the square frame. To solve such a problem, a protrusion 20D similar to the frame is disposed at the center of 

so each frame as shown in Rg. 88. An excellent response speed can be obtained when, for example, the protrusions 20A 
and 208 has a widtii of 5 pm and a height of 1.5 ^m, the gap of the protrusions is 25 ^m and the protrusion 20D is a 
square pyramid having a bottom of 5 psn. 

Rg. 89 shows another embodiment wherein the protrusion is disposed at the center of each frame of the protrusion 
pattern shown in Fig. 87. The same result as tiiat of Rg. 82 can be obtained according to this arrangement, too. 

55 In the constructions shown in Figs. 82, 86A. 868 and 87 wherein the protrusions 20A and 208 cross one another, 
the thickness of the liquid crystal layer can be limited at the portions at which the protrusions 20A arKl 208 cross one 
another by setting the sum of the height of the protrusions 20A and 208 to a value equal to the gap of the sut)strates. 
that is, the thickness of the liquid crystal lay r. According to this arrangement, the spacer need not be used. 
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Rgs. 90 A and 908 are diagrams showing the structure of a pan I of the 16th ennbodiment. Rg. 90A is a side view, 
and Rg. 90B is an oblique view of a portion of the panel corresponding to one square of a lattice. Rg. 91 is a diagram 
showing a pattern of protrusions in the 1 6th mbodiment which is seen in a direction vertical to the panel. As illustrated, 
in the 16th embodiment the protrusi ns 20A are aeated like a cubic lattice on the electrode 12 formed on one sub- 

5 strata, and the pyranrudal protrusions 20 B are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other substrate. In a region shown in Rg. 908, the orientation is divided 
according to the principles described in conjunction wrth Rg. 128 and divided vertically and laterally uniformly. In reality, 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, the sideways spacing 
between protrusions 20A and 208 to 10 micrometers, and the height of protrusions to 5 micrometers. As a result the 

10 viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
shown in Rg. 22. 

Rgs. 254A and 2548 show a modification of the sixteenth embodiment Rg. 2S4A shows a protrusion pattern and 
Rg. 2S4B is a sectional view. In this rhbdification. the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions of the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 

15 the CF substrate 1 6 is pyramidal whereas the protrusion 208 on the side of the TFT substrate 1 7 has a two-dimensional 
matrix form. The protrusion 20A is disposed at the center of each pixel 9 and the protrusion 208 is disposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 
in four directions inside each pixel. The domain is divided by the protrusion 20A at the center of the pixel as shown in 
Rg. 2548. The protrusion 208 disposed outside the pixel electrode 1 3 divides the orientation at the boundary of the ptx- 

20 els as shown in the drawing. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
means. The orientation regulating force by the protrusion 208 and the orientation regulating force of the edge of the 
pixel electrode coincide with each other. Consequently, the division of the orientation can be carried out stably. In this 
modification, the distances between the protrusion 20A and the protrusion 208 versus the edge of the pixel electrode 
1 2 are great. TTierefbre, it is only the protnjsion 20A that exists inside the pixel, and the occupying area of the protrusion 

25 inside the pixel is small and display luminance can be improved, though the response speed drops to a certain extent. 
Further, the production cost can be reduced by forming the protrusion 208 by the formation process of the bus line 
because the number of the production steps does not increase. 

In the aforesaid first to 16th embodiments, protrusions produced using a resist that is an insulating material are 
used as a domain regulating means for dividing the orientation of a liquid crystal. In the embodiments, the shape of the 

30 inclined surfaces of the protrusions are utilized. The insulating protrusions are very important in terms of the effect of 
inten-uptioh of electric fields. A liquid crystal is driven using, generally, an alternating wave. With an increase in 
response speed deriving from innovation of a liquid crystal material, influence exerted during one frame (during which 
a direct (dc) voltage is applied), that is. influence predetermined by a DC wave must be taken into full consideration. A 
driving wave for a liquid crystal must exhibit both the characteristics of the AC and DC voltages and satisfy the require- 

35 ments for tHe AC and DC voltages. The properties of the resist used to allow the driving wave for a liquid crystal to exert 
a predetermined effect of minimizing electric fields must be set in relation to the characteristics of the AC and DC volt- 
ages or the AC and DC characteristics. Specifically, the resist must be set to have properties effective in minimizing 
electric fields in relation to the AC and DC characteristics. 

From the viewpoirrt of the DC characteristic, the specific resistance p nrujst be high enough to affect the resistance 

40 of a liquid-crystal layer. Specifically, the specific resistance must be 10^^ ohms/cm or more so that it will be equal to or 
larger than the specific resistance of a liquid crystal (for example, the specific resistance of a TFT-drive liquid crystal is 
about 10*"^ ohms/cm or more). Preferably, the specific resistance should be 10^^ ohms/cm or more. 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant film thick- 
ness, and sectional area) of a resist must be about ten or less times larger than the capacitance of a liquid-crystal layer 

45 under the resist (with an impedance of about one-tenth or more of the impedance of the liquid-crystal layer), so that the 
resist can exert the operation of minimizing electric fields in the liquid-crystal layer under the resist. For exanple. the 
dielectric constant e of the resist is approximately 3 or about one-third of the dielectric constant e of the liquid crystal 
layer (approximately 10). The film thickness is approximately 0.1 micrometers or about 1/35 of the thickness of the liq- 
uid-crystal layer (for example, approximately 3.5 micrometers). In this case, the capacitance of the insulating film is 

50 approximately ten times larger than the capacitance of the liqutd^rystal layer under the insulating film. In other words, 
the irrpedance of the resist (insulating film) is approximately one-tenth of the impedance of the liquid-crystal layer under 
the resist Thus, the resist can affect the distribution of electric fields in the liquid-crystal layer. 

In addition to an effect exerted by the shape of the inclined surfaces created by the resist the influence of the dis- 
tribution of electric f iekJs can be utilized. This results in more stable and firm alignment. When a voltage is applied, liquid 

55 crystalline rrwlecules are tilted. At this time, the strength of electric fields in a domain in which the orientation of a liquid 
crystal is divided (on a resist) is sufficiently low. In the domain, liquid crystalline molecules aligned nearly vertically exist 
stably and work as a barrier (partition) against domains g nerated on both sides of the domain. When a higher voltage 
is applied, the liquid crystalline molecules in the orientation-divided domain (on the resist) starts tilting. However, the 
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liquid crystalline mofecuies in the domains generated on both sides of the domain on the resist titt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing this state, the insulating layer (resist) of 
the ori ntation-divided domain must have a capacitance that is approximately ten or less times larger tfian the one of 
the liquid-crystal layer under the resist A material exhibiting a snr^l dielectric constant c should be adopted to realize 

5 the insulating layer, arxj the thickness of the layer must be large. This suggests an insulating layer having a dielecti-ic 
constant c of approximately 3 and a thickness of 0. 1 micrometers or more. The emptoyment of an insulating layer having 
a smaller dielectric constant c and a larger thickness would exert a more preferable operation arxi effect In the first to 
1 6tii embodiments, a novolak resist having a dielectric constant e of approximately 3 is used to form protrusions of 1 .5 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attained. The 

10 novolak resist is wklely adopted in the process of manufacturing a TFT or CF. The adoption of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities). 

Moreover, it is ascertained tiiat the novolak resist is highly reliable as compared with other resists or a flattening 
material and has no problem. 

Moreover, when the insulating film is placed on both sut>strates, a more preferable operation and effect can be 

15 exerted. 

Aside from the novolak resist, an acrylic resist (s - 3.2) was checked to see if it would prove effective as an insulat- 
ing film. The same results as those obtained by checking the novolak resist were obtained. For demonstrating that the 
influence of electric fields is very important, an ITO film was deposited on a resist arxj the aligned state of liquid crys- 
talline molecules was observed. The results were not so good as those obtained when the insulating film was used. 
20 In the first to 16th embodiments, an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to divide the orientation of a liquid crystal. Other forms can be adopted. Some of the forms will be presented 
below. 

Rgs. 92A and 92B are diagrams showing the structure of a panel of the 17th embodiment Fig. 92A is an oblique 
view and Rg. 92B is a side view. As illustrated, in the 1 7th embodiment protrusions 50 extending parallel to one another 

25 unidirectionally are formed on glass sut^rates 1 6 arxj 1 7. and electrodes 1 2 and 1 3 are formed on the substrates. The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partiy jut out The surfaces of the electrodes are processed for vertical alignmerrt. Using the thus shaped electrodes, 
when a voltage is applied to the electrodes, electric fields are induced in a vertical direction. The orientation of a tiqukl 
crystal is divided into two directions with each protrusion as a border. The viewing angle characteristic of the panel is 

30 therefore improved as compared with a conventionally exhibited one. However, the distribution of electric fields 
becomes different from the one attained when the protrusions are made of an insulating material. Only the effect of the 
shape of the inclined surfaces of the protrusions is utilized in order to divide the orientation. The statDility of alignment 
is slightiy inferior to that attained when the protrusions are made of an insulating material. However, as described 
above, the protrusions provided on the electrodes need to be made of insulating material with low dielectric constant. 

35 Therefore, tiie materials used to form the protrusiorYS are limited. Further, various conditions must be satisfied to form 
the protrusions by using those materials. This causes a problem in the production process. Contrarily, the panel struc- 
ture of the 17th embodimerrt does not have such limitation. 

Fig. 93 is a diagram showing the structure of a panel of the 18th embodiment. In this embodiment, insulating layers 
61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the depressions, the 

40 shapes of protrusions or slits of electrodes presented in the second to ninth embodiments can be adopted. In this case, 
an effect exerted by oblique electric fields works like the effect exerted by the protrusions to stabilize alignment 

Fig. 94 shows a panel structure of the nineteenth emtxxiiment In this embodiment, electrodes 12 and 13 are 
formed on glass substrates 16 and 1 7, respectively, layers 62 each made of an electrically conductive material and hav- 
ing a depression (groove) 23A. 23B having a width of 10 jim and a depth of 1 .5 jim are formed on these electrodes 12 

45 and 1 3. and vertical alignment films 22 are formed on these layers 62. Incidentally, the thickness of a liquid crystal layer 
is 3.5 nm, and a color filter layer 39. a bus line, a TFT, etc, are omitted from the drawing. It can be observed that the 
orientation of the liquid crystal is divided at the recess portions. In other words, it has been confirmed that the depres- 
sion, too, functions as the domain regulating means. 

In tine panel structure of the nineteenth embodiment, the depressions 23A and 238 are disposed at the same pre- 

50 determined pitch of 40 fim in the same way as in the case of the protrusions, and the upper and lower depressions 23A 
and 23B are so disposed as to deviate by a half pitch. Therefore, the regions in which the liquid crystal assumes the 
same orientation are defined between the adjacent upper and lower depressions. 

Rg. 95 shows the panel structure of the 20th embodiment. In this 20th embodiment layers 62 having grooves 23A 
and 23B having a width of 10 ]im and a depth of 1 .5 ^ are formed on the glass substrates 16 and 1 7 by using a color 

55 filter (CF) resin, respectively, electrodes 12 and 13 are formed on these layers 62, and vertical alignment films are fur- 
ther formed on the electrodes 12 and 13, respectively. In other words, a part of each electrode 12. 13 is recessed. The 
protrusions 23A and 23B are disposed at the same predetermined pitch of 40 |im whereas the upper and lower depres- 
sions 23 A and 23 B are so disposed as to deviate from one another by a half pitch. In this case. too. the same r suit as 
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that of the nineteenth embodiment can be obtained. Incidentally, since the structure having the depression is disposed 
below the electrode in this 20th embodiment limitation to the material is small, and the material used for other portions 
such as the CF resin can t^e used. 

In the case of the protrusion and the slit, the orientation is divided in such a fashion that the liquid crystalline mol- 

5 ecules expand in the opposite direction at these portions but in the case of the recesss. the orientation is divided in such 
a tashion that the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit Therefore, when 
the dejaression is irsed as the domain regulating means in combinatfon with the protrusion or the slit, the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 

10 mined next on the arrangement when the recess is used as the domain regulating means. 

Rg. 96 shows an example of the preferred arrangements when the depression artd the slit are used in combination. 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 23B of the 
20th embodiment shown in Rg. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one arKrther is the same, the orientation is further stabilized. For example, when the depression 

75 is formed under the condition of the 20th ennbodiment the slit has a width of 1 5 ^m and the gap between the center of 
the depression and that of the slit is 20 jim, the switching time is 25 ms under the driving condition of 0 to 5 V and 40 

*'*^*fngn3rSaef^tHS'afn^ 
respectively 

Rg. 97 shows tiie structure wherein the depression 20A and the slit 21 A on one of the substrates (substrate 16 in 
20 this case) in the panel structure shown in Fig. 98. and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slit 21 B. 

Incidentally the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the slit in the panel structures shown in Rgs. 96 and 97, and the response speed can be further improved. 

Rg. 98 shows another pane! structure wherein the depression 23B is formed in the electrode 13 of the substrate 
25 1 7 and the protrusions 20 A and the slits 21 A are alternately formed at positions of the opposed substrate 1 6 at positions 
facing the depression 23B. respectively In this case, the direction of the orientation becomes different between ttie set 
of the adjacent depression 23B and protrusion 20A and the set of the adjacent depression 23B and slit 21 A and con- 
sequently, ttie boundary of tiie orientation regions is formed in the proximity of the center of the depression. 

Rgs. 99A and 998 are diagrams showing the structure of a panel of the 21th embodiment As illustrated, tiie panel 
30 of the 21 th entxxJiment is a simple nnatrix LCD. The surface of each electrode is dented. The orientation of a Tquid crys- 
tal is divided with each depression as a border. However, like the tenth embodiment an effect of oblique electric fields 
is not exerted. The stability of alignment is little poor. 

As described above, tiie alignment dividing operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now, the inf lu- 
55 ence of assembly errors in the panel of the first embodiment will be described. 

Rgs. 1 0OA and 1 0OB are sectional views of a panel in the first embodiment. As described already a region where 
the orientation is regulated is defined by tiie protiiision 20 A formed on the common electrode 12 and tiie protrusion 20B 
formed on ttie cell electrode 1 3. In Fig. 1 00 A, tiie region defined by the right inclined side surface of tiie protrusion 20B 
and the left inclined side surface of the protrusion 20A is designated as a region A. and the region defined by the left 
40 inclined side surface of the protrusion 20B and the right inclined side surface of the protrusion 20A is designated as a 
region B. 

Assume ttiat the CF substrate 1 6 is displaced leftward of the TFT substrate 1 7 due to an assembly error, as shown 
in (2) Rg. 100B. The region A is reduced, while the region B increases. Therefore, the ratio between region A and region 
B is not already 1 to 1. The resulting proportion of liquid crystalline molecules divided in orientation is not equal, thereby 

45 deteriorating the viewing angle characteristic. 

Rgs. 101 A and 101 B are sectional views of a panel according to a 22th entbodiment In the 22th embodiment, as 
shown in Rg. 101 A, a depression 22B and a proti-usion 20B are formed in the TFT substate 1 7. followed by forming a 
depression 20A and a profrusion 22A on the CF substi-ate 16. This process is repeated. As shown in Fig. 1 01 B, assum- 
ing that the CF substrate is displaced with respect to the TFT substrate 1 7 at the time of assembly tiie region A' defined 

so by the profa-usions 20B and 20A is reduced. Since the region A" defined by ttie depressions 22B and 22A is increased 
by the same amount as the region A* is reduced, however, ttie region A remains unchanged. The region B, which is 
defined by the protrusion 20B. tiie depression 22B. the protrusion 20A and ttie depression 22A, remains unchanged 
since the interval between them remains unchanged. Consequently, the ratio between ttie regions A and B remains tiie 
same, and the superior viewing angle characteristic is maintained. 

55 Rg. 102 is a sectional view of a panel according to a 23tii embodiment. In tiie 23th emtxxliment as shown, the CF 
substrate 16 is formed with the protrusions 22A and the depressions 20A arternately witii each other This process is 
repeated. The region A is defined by the left inclined side surface of ttie proti-usion 20A and ttie right inclined side sur- 
face of ttie depression 22A. while ttie region B is defined by ttie right inclined side surface of the profusion 20A and ttie 
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left inclined side surface of the depression 22A. In view of the fact that the orientation region is defined only by th pro- 
trusions and depressions formed on one of the substrates* the assembly accuracy is not affected. 

The foregoing embodiments ar directed to obtain a great viewing angle in all directions. DeperKling on the appli* 
cation of the liquid crystal panel, however, ther are the cases where the viewing angle need not be great arxi a great 
5 viewing angle needs be obtained in only a specific direction. The LCD suitable for such an application can be accom- 
plished by using the orientation dividing techrK)logy by the domain regulating means descnlsed above. Next several 
emtxxJiments to which the technology of the present invention is applied for the LCDs for such specific applications wilt 
be explained. 

Rgs. 103A and 103B show the panel structure of the 24th embodiment. Fig. 103A is a top view arxl Rg. 103B is a 

10 sectional view taken along a line Y - Y* of Rg. 1 03B. Linear protrusions 20A and 20B are disposed in the same pitch on 
substrates 16 and 1 7. respectively, as shown in the drawing, and these protrusions 20A and 208 are so situated as to 
deviate a little from the respective opposing positions. In other words, the region B is extremely narrowed in the struc- 
ture shown in Rg. 102 so that the regions are occupied almost fully by the region A. 

The panel of the twenty-fourth emtxxjiment is used fey a protrusion type LCD, for example. The viewing angle per- 

75 formance of the protrusion type LCD may be narrow, but a high response speed, a high contrast and high iuminarx;e 
are required for the protrusion type LCD. Since the oriernation direction of the panel of the 24th emtxxjiment is substan- 
tially in one direction (nx)no-domain), the viewing angle performance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are disposed, the response 
speed is improved markedly in comparison with the conventional system, in the same way as the LCDs of the foregoing 

20 embodiments. As to contrast the contrast of this panel is sut>stantially equal to other VA system ar>d is therefore supe- 
rior to that of the conventional TN mode and IPS mode. As has been explained already with reference to Rg. 27, the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20 A and 20B. To improve 
contrast therefore, the portions of these protrusions 20A and 20 B are preferably shaded. As to luminance, on the other 
hand, the aperture ratio of the pixel electrode 13 is preferat)ly increased. Therefore, the protrusions 20 A and 208 are 

25 disposed at the edge of the pixel electrode 13 as shown in Rgs. 103A and 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 208 is preferably decreased but 
to attain this object the protrusions 20A and 20B must be disposed arourxJ the pixel electrode 1 3. When the protrusions 
20 A and 20B are disposed around the pixel electrode 13. these portions must be shaded, so that the aperture ratio 

30 drops as much. As described above, the response speed, the contrast and luminance have the trade-off relationship, 
and they must be set appropriately depending on the object of use. and so forth. 

Rg. 104 shows a structure for achieving an LCD panel having excellent viewing angle performance in three direc- 
tions by utilizing the technology of forming the TTwnoHJomain according to the 24th emtxxliment In this structure, the 
protrusions 20A and 20 B are disposed in such a fashion as to define two regions of the transverse direction in the same 

35 proportion and one region of the longitudinal orientation inside one pixel. The two regions of the transverse orientation 
in the same proportion are formed t>y so disposing the protrusions 20A and 208 as to deviate from one another by a 
half pitch as shown in Rgs. 100A and 1008, while one region of tiie longitudinal orientation is formed by disposing the 
protrusions 20A and 208 adjacent to one another as shown in Rgs. 103A and 1038. This structure can acconrplish a 
panel which has excellent viewing angle performance on the right and left sides and on the lower side but has lower 

40 viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so that a large 
number of people look it tp from below, such as a display device disposed above a door of a train. 

As shown in Rg. 85C, the LCD of ihe VA system which does not execute the orientation division arxi the LCD of 
the VA system which execute the orientation division by the protrusions or the like, the response speed from t>lack to 

45 white and vice versa is superior to that of the TN nx)de, but the response speed between the intermediate gray-scale 
is not practically sufficient The twenty-fifth emtxxiiment solves this problem. 

Rgs. 105A and 105B show the panel structure in the 25th emtxxliment, Rg. 105A shows the shape of the protru- 
sion when viewed from the panel surface and Rg. 1056 is a sectional view. As shown in these drawings, the position of 
the protrusion 20B is charged inside one pixel so as to define a portion having a different gap with the protrusion 20A. 

so In consequence, the proportion of the donnain oriented in two directions can t>e made equal and the viewing angle per- 
formance is symmetric. When tiie structure shown in the drawings is employed, tiie response speed between tiie inter- 
mediate gray-scale can be apparently improved. This principle will be explained with reference to Rgs. 106 to 1098. 

Rg. 106 shows tiie structure of the panel manufactured for measuring the changes of the response speed and the 
transmittance depending on the gap of the protrusions. The proti'usions 20A arxi 208 have a height of 1.5 ^im and a 

55 width of 10 ^m. and the thickness of the liquid crystal layer is 3.5 ^m. The response speed arxi the transmittance of the 
region of the gap dl and the region of the gap d2 are measured by setting one of the gaps d1 of the protrusions to 10 
jjun. changing the other gap d2 and changing also the voltage to be applied across the electrodes between OV and 3 V 
corresponding to the intermediate gray-scale. 
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Rg. 1 07 is a graph shewing the result of the response speed measured in the way desaibed above. This graph 
corresponds to the one obtained by extracting the object portion shown in Rgs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
5 parameter. Rg. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can t>e seen from Figs. 1 08 A and 1 08B that the response speed of the intermediate gradation 
can be drastically improved t>y decreasing the gap d2 of the protrusions. However, the maxinrum transmittance drops 
when the gap d2 of the protrusions is decreased. 

Rg. 109A is a graph showing the normalized time change of the transmittance at each gap d2» and Rg. 1098 
10 explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 ^m is Ton 1. the ON 
response time when d2 is 20 ^m is Ton 2 and the ON response time when d2 is 30 ^m is Ton 3. they have a relationship 
of Ton 1 < Ton 2 < Ton 3. 

The reason why such a difference occurs is because only the liquid crystals in the praximity of the protrusion are 

IS oriented perpendicularly to the slope of the protrusion and the liquid crystals away from the protrusion are oriented per- 
pendicularly to the electrode when the voltage is not applied, as shown in Rg. 1098. When the voltage is applied, the 
liquid crystal1s ihdih§dr a^ respect to the axis per- 

pendicular to the electrode. The liquid crystal in the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid crystal between the protrusions is oriented in such a fashion as to extend along the former liquid 

20 crystal as the trigger. In this way is formed the domain in which the liquid crystals are orierrted in the same direction. 
Consequerrtly. the closer to the liquid crystal to the protrusion, the more quickly it is oriented. 

As described above, the response time between black and white is sufficiently short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scale that becomes the problera In the case of the structure 
shown in Rgs. 105A and 1058. the transmittance in the regions having a narrow gap d2*' changes within a short time 

25 whereas the transmittance in the regions having a broad gap d2' changes gradually The regions of the gap d2" are nar- 
rower than the regions of the gap d2' and have a smaller contritxition to the transmittance. l>ut because the human eyes 
have logarithmic characteristics, the human eyes catch the change as a relatively large change when the transmittance 
in the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2" 
changes within a short time, this change is caught as the drastic change as a whole. 

30 As described above, the panel according to the 25th ennbodiment can apparently improve the response speed 
between the intermediate gray-scale without lowering the transmittance. 

Rg. 1 1 0 shows the panel structure of the 2eth embodiment. As shown in the drawing, the protrusions 20 A and 208 
are disposed in an equal pitch on the sut>strates 1 6 and 1 7 and the electrodes 1 2 and 1 3 are formed on the protrusions, 
respectively, in this 26th ennbodiment However, the electrodes are not formed on one of the slopes of the protrusions 

35 20 A and 208, and a vertical alignment film is further formed. The protrusions 20 A and 208 are arrariged in such a fash- 
ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another. In the region between the slopes on which the electrodes are not formed, the liquid crystals are oriented 
perpendicularly to the slopes, and the orientation direction is decided consequently. The electric field in the liquid crystal 
layer is represented by broken lines in the drawing. Since the liquid crystals are oriented along this electric field, the ori- 

40 entation direction due to the electric field in the proximity of the slopes, on which the electrodes are not formed, coin- 
cides with the orientation direction due to the slopes. 

In the region t>etween the slopes on which the electrode is formed, on the other hand, the liquid crystal in the prox- 
imity of the slopes is oriented perperxJicuIarly to the slopes. Ixjt the orientation direction of the electric field in this region 
is different from the orientation direction due to the slopes. Therefore, the liquid crystal in this region is oriented along 

45 the electric field with the exception of the portions near the slopes when the voltage is applied. Consequently, the ori- 
entation directions in the two regions become equal to each other, and the mono-domain orientation can be otrtained. 

Fig. 1 1 1 shows the viewing angle performance with respect to contrast when a phase difference film having nega- 
tive dielectric constant anisotropy and having the same retardation as that of the liquid crystal panel is superposed with 
the panel of the 26th embodiment. A high contrast can be obtained over a broad range of viewing angles. Incidentally. 

50 when this panel is assembled into the protrusion type projector, the contrast ratio is at least 300. Incidentally, the con- 
trast ratio obtained when the ordinary TN mode LCD is assembled into the protrusion type projector is about 100. and 
it can be appreciated that the contrast ratio can be drastically improved. 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven as in the 
first embodiment, the display quality is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus 

55 line) in the pixel. This is due to the undesirable minute region (domain) formed in the neighborhood of the bus line and 
the resulting disturbance of liquid crystal orientation and reduced response rate. The problem thus is posed of a 
reduced viewing angle characteristic and a reduced color characteristic in half tone. This problem is solved in a 27th 
embodiment. 
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Fig. 112 is a diagram showing an exampi pattern for repeating the linear protrusions according to the embodi- 
ments as set above. The protrusion piatlern described above has a plurality of protrusions of a predetermined width and 
a predetermined height repeated at predetermined pitches. In Fig. 112, therefore, the width 1 and the irrterval m 
assume of the protrusion assume the predetermined vaJues of 1 1 and m1 . respectively. In the shown example, the width 
5 of the protrusion formed on one substrate is different from that of the protrusion formed on the other substrate. The pro- 
trusions formed on a sutjstrate. however, have a predetermined width 1 . This is also the case with the protrusion height 
h. 

Rg. 1 13 is a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the liquid crystal 
used. As shown, it is seen that the shorter the wavelength, the larger the retardation An. Thus, the retardation An 

10 increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, arxd different colors have different retardation 
An while passing through the liquid-crystal layer. This difference is desirat>ly as small as possble. 

Rg. 1 14 is a cfiagram showing a protrusion pattern according to a 27th embodiment of the invention. In the 27th 
embodiment, the blue (B) pixel 13B. the green (G) pixel 13G and the red (R) pixel 13R each have the same protrusion 
width I but different protrusion intervals m. Specifically, the B pixel 138 has ml , the G pixel 13G m2 and the R pixel 13R 

75 m3 in such a relation that ml > m2 > m3. 

The smaller the protrusion irrterval m, the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus making rt more possible to alleviate the prok>lem of the electric field vector at the time of drive. Fig. 1 15 
is a diagram showing the relation between the applied voltage and the transntittance as measured while changing the 
protrusion interval. It is seen that the larger the interval m, the larger the numerical aperture, and hence the transmit- 

20 tance is irrproved. The wavelength dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in 
Rg. 1 13. By changing the protrusion interval m for each color pixel as shown in Rg. 1 14. the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystal layer for an innproved color charac- 
teristic. 

Rg. 1 16 is a diagram showing a protrusion pattern according to a 28th emtxxjimerrt of the invention. In the seventh 

25 errtbodiment. the blue (B) pixel 1 3 B, the green (G) pixel 1 3G and the red (R) pixel 13R have the same protrusion irrterval 
m but different protrusion widths I. The effect is the same as that of the 27th embodiment. 

Rg. 1 17 is a diagram showing a protrusion pattern according to an 29th emk>odiment of the invention. In the 29th 
embodiment, the protrusion interval m in each pixel is set to a small value ml in the upper and lower regions near to 
the gate bus line and a large value m2 at the central region. In the neighborhood of a bus line such as the gate bus line 

30 or the data bus line, a domain may occur at the time of driving and the liquid crystalline molecules fall into a state not 
suitable for display due to the electrical field vector, thereby deteriorating the display quality. According to the eighth 
embodiment, the protrusion interval is narrowed in the region near to the gate bus line thereby to make it difficult for the 
gate txjs line to be affected by the electrical vector. As a result, the generation of an undesirable domain is suppressed 
for an improved display quality. However, a narrower protrusion interval reduces the numerical aperture accordingly and 

35 darkens the display. From the viewpoint of numerical aperture, therefore, a larger protrusion interval is recommended. 
The protrusion pattern according to the eighth embodiment can minimize the reduction in numerical aperture and 
reduce the effect of the electrical field vector generated by the gate kxis line. 

Rg. 1 18 is a diagram showirrg the pixef structure in the case where the protrusion pattern according to the 29th 
embodiment shown in Rg. 1 17 is actually realized. 

40 Rg. 1 1 9 is a diagram showing a protrusion arrangement according to a 30th embodiment As shown in Rg. 1 1 9. in 
the 30th emlxxiiment, the protrusion height is changed gradually 

Rg. 120 is a diagram showing the change that the relation between the applied voltage and the transmittance 
undergoes when the protrusion height is changed, Rg. 121 the change that the relation between the applied voltage 
and the contrast undergoes when the protrusion height is changed. Rg. 122 the change of the transmittance in white 

45 level with respect to the protrusion height and Rg. 123 the change of the transmittance in black level with respect to 
the protrusion height. These diagrams show the result of measuring the transmittance and the contrast in test equip- 
ment with the width and interval of the resist for forming the protrusion set to 7.5 pm and 15 pm. respectively, the cell 
thickness to about 3.5 and the resist height to 1 .537 nm, 1 .600 nm. 2.3099 nm and 2.486 nm. 

This measurement shows that the transmittance of white level (with 5 V applied) increases with the resist height. 

so This is considered due to the fact that the protrusion playing an auxiliary role in tilting the liquid crystal is so large that 
the liquid crystal is positively fallen. The transmittance (leakage light) in black level {without any applied voltage) also 
increases with the protrusion height. This is not desirable as it works to deteriorate the black level. The contrast (ratio 
between wtiite luminance arx:! black luminance) decreases with the protrusion height It is therefore desirable to use a 
masking material for the protrusion and not to increase the protrusion height excessively 

55 Any way. the orientation of the crystal liquid can be changed by changing the protrusion height, and therefore a 
superior display is made possible by changing the protrusion height for each color pixel and thus adjusting the color 
characteristic, or by setting the protrusi n height appropriately in accordance with the distance from the txjs line. For 
the R pixel, for example, the protrusion height is increased, and decreased for the G pixel and the B pixel in that order. 
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or in each pixel, the protrusion height is increased in the neighborhood of the bus line and lowered at the central portion. 

The inventor has confirmed that th saeen display can be accomplished without any problem even when the pro- 
trusion height is irrareased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
ley^el as the cell thickness as shown in Fig. 124A. or protrusions are formed at the opposed positions on the two sub- 

5 strates as shown in Fig. 1 24B so that the sum of the heights of the two protrustons is the same as the cell thickness. In 
tNs way. the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 31th embodiment. In this embodi- 
ment, as shown in Rg. 125A, the inclination of the side surfaces of the protrusion is defined by the angle 6 that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth ennbodiment, 

10 assume that the taper angle e of the protrusion 20 can take several values as shown in Fig. 1 25B. Generally, the larger 
the taper angle e. the more satisfactory the orientation into which the liquid crystalline molecules fall. By changing the 
taper angle 6, therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made pos- 
sOsle by changing the taper angle for eacti color pixel to adjust the color characteristic or by setting a proper taper angle 
0 in accordance with the distance from the bus line. For example, the taper angle 0 is set large for the R pixel, and 

IS decreased for the G pixel and the B pixel in that order. Also, the taper angle 8 is increased in the neighborhood of the 
Ixjs line and decreased at the central portion in a pixel. 

I I 111 iiiiiwiirAsidescribediabpmw^ 

sion is changed by changing the protrusion interval, protrusion width, protrusion height or taper angle, tt is therefore 
possible that these conditions are differentiated within a pixel or with different color pixels to partially differentiate the 

20 orientation regulation force of protrusions and thus to assure the viewing angle characteristic or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystal depends on the wavelength as shown in Fig. 113. Therefore, an embodiment of the 
liquid crystal panel which improves luminance of white display on the basis of this feature and accomplishes a high 
response speed for all the color pixels will be explained. 

25 Rrst wavelength dependence of the VA system will be explained briefly. Fig. 1 26 shows the change of a twist angle 
of a liquid crystal layer due to the application of a voltage when a vertical orientation (VA) system liquid crystal display 
panel using a liquid crystal having negative dielectric anisotropy (n type liquid crystal) is provided with the twist angle. 
When no voltage is applied, the liquid crystal is oriented in a direction of 90 degrees on the surface of one of the sub- 
strates and in a direction of 0 degree on the surface of the other sut>strate, so that the twist of 90 degrees is attained. 

30 When the voltage is applied under this state, only the liquid crystalline molecules in the proximity of the surface of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of the substrate surface, but twisting 
hardly occurs in other layers. Therefore, the mode does not substantially change to the rotatory polarization mode (TN 
mode] but to the birefringence nrxxie. Fig. 127 shows the change of relative luminance (transmittance) to the change of 
the retardation And (d; nm) in botii the TN mode and the birefrigence mode. As shown in the graph, the birefringence 

35 mode exhibits sharper transmittance characteristics to And of the liquid crystal than tiie TN mode. As described above, 
the vertical orientation liquid crystal using the n type liquid crystal executes black display when no voltage is applied and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nicol. 

Fig. 128 shows the change of the transmittance to the change of And at each wavelength (R: 670 nm, G: 550 nm. 
B: 450 nm). It can l>e appreciated from this graph tiiat when the tiiickness of the liquid crystal layer is set to And at which 

40 luminance in white display attains the maximum, that is, to And at which the transmittance attains the maximum at the 
wavelength of 550 nm, the transmittance at 450 nm becomes excessively low. Therefore, the thickness of ttie liquid 
crystal layer is set to a value smaller than the thickness determined from maximum luminance so as to restrict coloring 
in white display. Therefore, luminance in white display is lower than tiiat of the TN mode, and in order to obtain white 
luminance equivalent to that of the liquid crystal display panel of the TN mode. l>ack-light luminance must be increased. 

45 To increase this back-light luminance, however, power consumption of illumination must be increased, and the range of 
application of the panel is limited. When the thickness of ttie liquid crystal layer is inaeased by laying stress on white 
luminance, the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel is 
colored yellow in white display. 

To enlarge the viewing angle range, on the other harxJ, it has been customary to add a phase difference film, but 

so when the thickness of the liquid crystal layer becomes great the color change in tiie direction of the critical angle (trans- 
verse direction) becomes so great that even if the retardation value of the phase d'rfference film is the same, the color 
difference becomes greater. 

In the 32th embodiment, the thickness of ttie liquid crystal layer of each color pixel is individually set so that the 
transmittance becomes maximal when the driving voltage is applied. However, when tiie tiiickness of the liquid crystal 
55 layer is different, a difference occurs in ttie response speed and the color tone cannot be displayed conectly when tiie 
operation display is earned out. Therefore, when the thickness of the liquid aystal layer is set to a different value for 
each color pixel, means for making uniform the response speed of the liquid crystal becomes necessary. 

Fig. 129 shows tiie change of the liquid crystal response speed to the gap of the protrusions or the slits when And 
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of the liquid crystal layer is set so that the maximum transmittance can be obtained at the three ktrxls of wavel^gths 
described above. The liquid crystal response speed becomes tower as the thickness of the liquid aystal layer becomes 
greater. In the VA system LCD panel which corrtrols the orientation by using the protrusion, the liquid crystal response 
speed changes with the dielectric coristant of the protrusion, the shape of the protrusion, the protrusion gap. and so 

5 forth. However, when the dielectric constant the shape of the protrusion and its height are constant the response 
speed becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the liquid crystal 
response speed of 25 ms, for example, in Rg. 1 29, the gap of the protrusions or the slits must t>e set to 20 f or the 
R pixel. 25 Mm for the G pixel arxj 30 ^m for the B pixel. 

Rg. 1 30 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 

10 trusions or the slits is set to 20 Mm for the R pixel, 25 pm for the G pixel and 30 ^ni for the 6 pixel from Rg. 129 the 
transmittance is 80%. 83.3% and 85.7%, respectively, arxj the differences occur in the transmittance. 

In view of this point the 32n6 embodiment Individually sets the thickness of the liquid crystal layer of each color pixel 
so that the transmittance attains the maximum when the driving voltage is applied, the response speed in each color 
pixel Is rendered coincident by regulating the gap of the protrusions, and the area of each color pixel is changed so that 

IS the transmittance becomes coincident 

Rg. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 not having 
the R pixel portion but having the G pixel portion having a thickness of 0.55 \im and the B pixel portion having a thick- 
ness of 1 .05 Mm is provided to both substrates 1 6 and 1 7. The optimum condition is calculated for this thickness by sim- 
ulation for the VA system birefringence mode using the n type liquid crystal. Further, the height of the protrusion 20A is 

20 set to 2.45 Mni for the R pixel. 1 .9 Mm for the G pixel and 1 .4 Mm for the B pixel. Further, the gap of the protrusior^ is set 
to 20 um for the R pixel, 25 m^i for the G pixel and 30 Mm for the B pixel. The area ratio of the B pixel: G pixel:R pixel is 
set to 1 :1 .03:1 .07. In other words, the pixel areas are so set as to satisfy the relation R pixel > Q pixel > B pixel. 

The structure 71 uses an acrylic resin, arxj after a resist is applied to a thickness of 1 .4 mtti for the B pixel, a pro- 
trusion having a width of 5 MfT) is formed by photolithography. After a vertical alignment film is applied, a 3.6 mhi spacer 

25 is sprayed to form a seal, and after bonding and curing of the seal, the liquid crystal is charged. In this way, tiie thickness 
of the liquid crystal layer is 5.7 Mm for the R pixel. 4.6 m^ for the G pixel and 3.6 Mm for the B pixel. 

Frg. 132 shows the panel structure of a modification of the 32th emt>odiment, wherein a protrusion is formed on the 
OF substrate 16 and a slit 21 is formed on the pixel electrode 1 3 of the TFT substrate 1 7. In this modification, an acrylic 
resin structure 71 not having the R pixel portion t>ut having the Q pixel portion having a thickness of 1.1 Mm and the B 

30 pixel portion having a thickness of 2.1 Mm is provided to the CF substrate 1 6. After a resist is applied to a thickness of 
1 .4 Mm for the B pixel, a protrusion having a widtii of 5 Mm is formed by photolithography. As a result the height of the 
protrusion is 3.5 Mm for the R pixel, 2.5 Mm for the G pixel arxi 1 .4 Mm for tine B pixel. The gap between the protrusion 
20A and the slit is set to 20 Mm for the R pixel. 25 Mm for the G pixel and 30 Mm for the B pixel. The area ratio of the B 
pixelrG pixel: R pixel is set to 1:1.03:1.07. 

35 A biaxial phase difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G pixel 
is added to the panels of the 32th emtxxliment and to its modification produced in the manner described above, and 
the color difference is measured for each of the panel transmittance. the viewing angle and the critical angle direction 
(0 to 80 degrees). The results are shown in Rg. 249. By the way. the measurement results obtained by changing the 
thickness of the liquid crystal layer in the prior art example are also shown in Rg. 249 as die reference values. 

40 As can be appreciated from Rg. 249 the transmittance (luminance) in front can be increased by increasing the 
thickness of the liquid crystal layer to improve the transmittance as represented t>y the prior art example 1 . but because 
the length of the optical path gets elongated in the direction of the critical angle, the trar^mittance of the square wave- 
length fluctuates greatiy and the color difference becomes great. In contrast, in the panels of the 32th embodiment and 
its modification, the gap of the protrusions or the slits is narrowed for the R and G pixels so as to make uniform the 

45 response speed of the liquid crystal, and the transmittance becomes lower than that of the prior art example 2 as the 
aperture ratio is lower. Nonetheless, because the thickness of each liquid crystal layer is set so that the transmittance 
attains the maximum when the driving current is applied (white display), the color difference in the direction of the crit- 
ical angle becomes small. 

The panels according to the 32th embodiment and its modification can brighten white lunrtinance to the level equal 
so to the TN mode without causing coloration of the panels in the broad range of the viewing angles. Because the liquid 
crystal response speed is made uniform so as to correspond to the thickness of each liquid crystal layer, display can be 
obtained with high color reproducibility even when dynamic image display is made. 

Next, processes for forming protrusions will be described. 

When protrusions are formed on electi-odes 1 2. 13 of a CF substrate 1 6 and a TFT substrate 1 7. the electrodes of 
55 ITO film are formed, then, a resist is coated on the surfaces arKi is patterned with a photolithography. This process is 
easily carried out by using conventional techniques. 

However, this process needs a step of creating the pattern of protrusions. If protrusions can be formed on the TFT 
substrate by utilizing th conventional proc ss as it is. an increase in number of steps can be avoided. For forming insu- 
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laling protrusions, it is thought that an Insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact For creating conducting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. The thirteenth 33th pro- 
vides a slmcture in which an insulating layer used in the conventional process is utilized for creating insulating protru- 
sions. In this structure, the ITO electrodes 13 are formed first. An insulating layer is formed on the rro electrodes and 
portions of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is fomned 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 
required to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left intact. 
Thereafter, data bus lines and TFTs are fontied in the same manner as a conventional process. In the drawing, refer- 
ence numeral 41 denotes a drain (data bus line). 65 denotes a channel protective fam. 66 denotes a wiring layer used 
to separate devices, and 67 denotes an operating layer for transistors. The ITO electrodes 13 and sources are linked 

by holes - *i. 

Figs. 134A and 134B are diagrams showing examples of a pattern of protrusions manufactured according to the 
process described in conjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions used to 
divide an orientation^vided domain into two regions, and Rg. 134B shows zigzag protrusions used to divide an orien- 
tation-divided domain into four regions. In the drawings, reference numerals 68 denotes a protrusfon, and 69 denotes 
a pixel. 

Fig. 1 35 is a diagram showing the stnjcture of a panel of the 34th embodiment. The 34th enrtoodiment provides a 
structure in which a conductive layer used in the conventional process is utilized for fomiing conducting protrusions. In 
this structure, first a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating layer 
is formed on tiie metallic layer 70, and ITO elecb-odes are formed thereon. An insulating layer is formed furttier thereon, 
data bus lines and TFTs are then formed, and an insulating layer is fornrod furtiier tiiereon. A layer of gate electrodes 
31 is then formed. The insulating layer is removed except portions thereof coincident with the gate electrodes. At this 
time, portions of the insulating layer coincident with tiie protrusions 20B are left intact 

Rgs. 1 36A and 1 36B show examples of a pattern of protrusions manufactured as described in conjunction with the 
34th embodiment Rg. 1 36A shows linear and parallel protrusions used to divide-an orientation-divided domain into two 
r gions. and Rg. 136B shows zigzag protrusions used to divide an orientation-divided domain into four regions. In the 
drawings, reference numeral 20B denotes a protrusion. Reference numeral 35 denotes a CS electrode. The CS elec- 
trodes 35 are extending along the edges of pixel electrodes so as to work as black matrices, but are separated from tiie 
protrusions 20B. This is because tiie CS electa-odes 35 apply a certain voltage to the pixel electrodes (ITO electrodes) 
13. and that if ttie voltage were applied to tiie protrusions 20B. alignment of liquid crystalline molecules would be 
adversely affected 

Rgs. 137A to 137D show a process for manufacturing the TFT substrate of tiie panel of the 35tii embodiment. As 
shown in Rg. 137A. the gate electrode 31 is patterned on tiie glass substrate 17. Next tiie SiNx layer 40. tiie amor- 
phous silicon (a-Si) layer 72 and ttie SiNx layer 65 are serially formed. Furttier. as shown in Rg. 137B. tiie SiNx layer 
65 is etched to tiie a-Si layer 72 in such a fashion as to leave only the portion of the channel protecting film. The n* a- 
Si layer and tiie Ti/AI/Ti layer con^esponding to ttie data bus line, tiie source 41 and tiie drain 42 are formed, and etching 
is ttien so made by patterning as to leave only ttie portions correspondng to ttie data bus line, the source 41 and ttie 
drain 42. After ttie SiNx layer con-esponding to ttie final protecting film 43 is formed as shown in Rg. 137D. etching is 
ttien made to the surface of the glass substrate 1 7 in such a manner as to leave ttie portions 43B and 40B con-espond- 
ing to the portion necessary for insulation and to ttie protrusions. At ttiis time, the contact hole of ttie source electrode 
41 and ttie pixel electrode is formed simultaneously, too. Furttier. ttie ITO electrode layer is formed and patterned, 
ttiereby forming the pixel electrode 13. Therefore, the height of the protrusion is the sum of ttie SiNx layer 40 and tiie 
final protecting film 43. 

Rg. 138 shows ttie structure of a modification of the panel of ttie 35th ennbodiment, and when ttie SiNx layer cor- 
responding to ttie final protecting film 43 is etched, etching is made up to the upper surface of the SiNx layer 40. There- 
fore, the height of the protrusion is ttie thickness of ttie final protecting f3m 43. 

Vigs, 139A to 139E show a process for manufacturing ttie TFT substrate of the panel of ttie 36tti enr*x>diment. As 
shown in Fig. 1 39A. ttie gate electrode 3 1 is patterned on ttie glass sii)strate 1 7. Next, ttie ITO electrode layer is formed 
and patterned to form the pixel electrode 13. The SiNx layer 40, tiie amorphous silicon (a-Si) layer 72 and tiie SiNx 65 
are serially formed as shown in Rg. 139B. Further, the SiNx layer 65 is etched up to the a-Si layer 72 in such a fashion 
as to leave only ttie portion of ttie channel protecting film. The n+ a-Si layer is further fomned. As shown in Fig. 139C, 
etching is then made up to the surface of ttie pixel electrode 13 in such a fashion as to leave ttie necessary portions 
and the portion 40B corresponding to the protrusion. The Ti/Al/Ti layer corresponding to the data bus line, the source 
41 and ttie drain 42 is formed as shown in Rg. 139D. and is then patterned in such a fashion as to leave only the por- 
tions corresponding to ttie data bus line, ttie source 41 and the drain 42. The n+ a-Si layer and ttie a-Si 72 are etched 
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by using the data txis line, the source 41 and the drain 42 as the mask. After the SiNx layer oorresporxiir^ to the final 
protecting film 43 is formed as shown in Rg. 139E. etching ts nnad up to the surface of the pixel electrode 13 in such 
a fashion as to leave the portion necessary for insulation and the porti ns 43 B and 40B corresponding to the protru- 
sions. 

5 The explanation predetermined above explains the embodiments relating to the manufacture of the protrusion 20B 

on the side of the TFT sut>strate 1 7, but there are various modif ications depending on the structure of the TFT sut^strate 
1 7, and the lika In any case, the production cost can be reduced by manufacturing the protrusion by conjoirrtly using 
the manufacturing process of other portions of the TFT sub stra te 1 7. 

As has been explained already, the protrusion of the dielectric arterial disposed on the electrode has the advar>- 

10 tage that stable orientation can be obtained because the direction of regulation of the orientation by the slope coincides 
with the direction of regulation of the orientation by the electric field at the protrusion portion. However, the protrusion 
is the dielectric material disposed on the electrode and the alignment film is formed on the protrusion. For this reason, 
the inside of the liquid aystal ceil becomes asymmetric between a pair of electrodes, and the charge is likely to stay 
with the application of the voltage. In consequence, the residual DC voltage becomes high, and the problem of so-called 

75 ''burn' occurs if the area of the projection is relatively large. 

Rgs. 140A and 140B show the relationship between the thickness of the dielectric material on the electrode and 
the residual DC voltage. Fig. 1 40 A is a graph showing this relationship arxi Fig. 1 40B shows the portion corresponding 
to the thickness d of the dielectric material arxJ the position of the occun-ence of "bum". The vertical alignment film 22, 
too, is the dielectric material, and the sum of the height of the protrusion and the vertical alignment film 22 corresponds 

20 to the thickness d of the dielectric arterial as shown in Rg. 140B. The residual DC voltage increases with the increase 
of d as shown in Rg. 140 A. Therefore, burn is likely to occur at the portion of the protrusion 20 shown in Rg. 140B. This 
also holds true of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
shown in Rg. 93. The 37th enntsodiment to be explained next is directed to prevent the occurrence of such a problem. 
Rgs. 141 A and 141B show the structure of the protrusion in the 37th embodiment. Rg. 141 A is a perspective view 

25 of the protrusion 20 and Rg. 141 B is a sectional view. As shown in these drawings, the protrusion 20 has a width of 7 
p.m. the width of its upper surface is about 5 \xm and its height is about 1 to 1 .5 ^m. A large number of fine pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 ^m. 

Rgs. 142A to 142E are drawings showing a method of forming the protrusion (on the side of the CF suljstrate) hav- 
ing such fine pores. As shown in Rg. 142A. the glass substrate having the opposed electrode 12 of the ITO f9m formed 

30 thereon is washed. A photosensitive resin (resist) is applied and is then baked to form a resist layer 351 as shown in 
Fig. 142B. A n^sk pattern 352 permitting light to transmit through the portions other than the protrusksn and the pore 
portions is brought into dose contact with the resist layer 351 and then exposure is effected. The protrusion 20 shown 
in Fig. 142D is obtained by then carrying out development When baking is nnade further, the protrusion 20 undergoes 
shrinkage, and the side surface changes to the slope as shown in Rg. 142E. 

35 When the substrate having the fine pores formed in the protrusion described above and the substrate not having 
the pores are assembled and the residual DC voltage is measured by a flicker erasure method (DC: 3 V, AC: 2.5 V, tem- 
perature: 50 C. DC application time: 10 minutes), the residual DC voltage is 0.09 V when the fine pores are formed and 
is 0.25 V when they are not formed. Because the residual DC voltage is reduced in this manner, seizure becomes nrxjre 
difficult to occur. 

40 The liquid crystalline nxslecules are oriented perpendiculariy to the slopes of the protrusions, etc. and to the electric 
field. It has been found out, however, when the gap of the protrusions becomes smaller to the size approximate to the 
fine pores, the liquid aystalline molecules are not oriented to the slope of the fine portions. Therefore, the liquid crys- 
talline molecules are affected at the upper surface portion of the protrusions by the influences of the orientatbn due to 
the slopes on both sides and are oriented along this orientation. 

45 Rg. 143 shows the protrusion structure of the 38th embodiment In the 38th embodiment, a groove having a width 
of 3 ^ and a small thickness is disposed below the protrusion 20B hiaving a width of 7.5 fim on the TFT substrate side. 
Further, a chromic shading layer 34 is disposed below the protrusion 20B. Such a protrusion 20B can be manufactured 
by the same method as that of the 37th embodiment When the residual DC voltage is measured for the protrusion 
structure of the 3dth emtx}diment. it is 0.10V. and the result substantially equal to that of the 37th embodirhent can be 

50 obtained. 

In the protrusion structure of the 38th embodiment the liquid crystalline molecules are not oriented at the groove 
portion in the direction perpendicular to the sut>strate when no voltage is applied, and the vertical orientation property 
gets deteriorated in some cases. However, because the shading film 34 is disposed, leaking light due to abnormal ori- 
entation at this portion is cut off and does not invite the drop of the contrast 
55 Next, the shape of a section of a resist was examined. Normally, the resist has a section like the one shown in Rg. 
144A immediately after completion of patterning. However, in the mode of the present invention, a cylindrical section 
having a rather smooth slope contributes to more stable alignment. Substrates immediately after being patterned were 
baked at 200°C, whereby the sectional shape of the resist was changed into the one shown in Fig. 144B. Figs. 145A to 
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145E are diagmms showing a change in sectional shap of the resist deriving from a change l^^'^^^.;;'*^^ 
the patterned resist is l»l«d. Even when the baking temperature was raised to 150-C or more, a further change .n sec- 
tional shape was limited 

Talking of the reasons why the resist was baked at 200-C. aside from a reason that the sectionalshape of ttjereart 
is intended to be changed, there is another important reason. That is to say. when the rea^ employed P^°^ 
is baked normally (at 135°C for 40 min.). it is melted while reacting upon a solvent applied to an alignment film. In ttro 
embodiment, the resist is baked at a high enough temperature before the alignment film is formed, and thus prevented 

*"'"lnS.?st"S,Sfi.^irt"'ttrrl!Et is baked at 200-C in order to make the sectional shape of the resist cylindrical. 
Data that has been described so far was acquired using the pattern of protrusions whose sectional shape is cylindrical. 

m the foregoing examples, the sectional shape of a resist is made cylindrical by optimizing the baking temperahjre. 
DependSg on?he7»,e viridm of a resist, the resist becomes cylindrical naturally. Rgs. 146Ato 146C arediagmms show- 
inJSe eTaSiships between the line width of a resist and the sectional shape ther^ When the line widtim JXKrt S 
Someters. the r^ has a preferable cylindrical shape naturally. Presumably, therefore^en the line w^^js abotrt 
?^Stometers or less, a resist having a naturally cylindrical sectional shape can be formed. In an ««tng display, the 
line wklth of 5 micrometers can actually be adopted. Depending on theperfomance of an exposure device, aren when 
the line width is in the unit of submiaons. the same alignment can be thought to be attained in P"ncip'e. 

WhenTprotrusion is used as the dSri^in regulating means, furtheriTWre, » becomes 
alignment filrn thereon. Rgs. 147A and U7B are sectional views of a conventionalpanel uang P«'^s'°"f^^ ^'"^"^ 
reoulatina means and illustrates the protrusion. Referring to Rg. U7A. on the substrates 16 and 17 are fo""ed color 
fiSS Sfs lines as well as ITO electrodes 12 and 13. Protrusions 20A and 20B are foirn^l thereon, and vertical 
alignment films 22 are fomied on the ITO electrodes 12 and 13 that include me P^trisjons 20A and 20B_ 

When the protrusion is formed by using the positive-type photoresist such as a TFT flattening agent HRC-1 35 man- 
ufactured by JSR Ca the surface exhibits poor wettability to the verttaal alignment f Hm. expels ""atenal of me vert- 
cal alignmJrtfilm that is applied, and makes it difficult to form a vertical alignment film on me surface of the profrusion. 
SS. UTS^oTthis conSon. TT,erefore. « causes a problem in that no vertical aUgnment film ^^^^^T^^^^''^^^^' 
faces of me protmsions 20A and 20B. The protrusions 20A and 20B having no vertical alignment film 22 formed on the 
surfaces mef eof. do not help obtain a desired orientation. Therefore, light-leakage occurs from me protrusions to dete- 
riorate me quality of display. A 39m embodiment is to solve mis problem. . , ^^,^,:„„ 

Lording to me 

ment film easily adheres onto me surface of me protrusion. As me treatment for enabling me mat««l of me vertical 
3^St fflm to easily adhere to me surface of the protrusion, it can be contrived to form ^^'^^^'^i^^lZ 
fa« of me protrusk^ so that me material of mealignmertfflm can befavoraWy applied mereto.c^^^ 
siJface of L protrusion can be enhanced relative to the material of the vertical alignment film. 
is formed on me surface of me protrusion, me liquid of me alignment film stays in me concave P°rt.«« ^,xJ me mat^l 
of me alignment film is less expelled by me surface of me protrusion. The ruggedness can he formed by either a chem- 
ical treatment or a physical treatment. As me chemical treatment ashing can be effectively emptoyed. 

Has. 148A to 148C are diagrams illustrating a memod of forming protmsions according to a 39m embodiment 
based on me ashing treatment Referring to Fig. 148A. a protrusion 20 is ^rnied by using the photoresist on me ele^^ 
SS7l3 (which, in mis case, fe a pixel electrode 13 but may be an opposing electrode 12). Tlie P'««"f °" 20 has me 
shape of for example, a stripe of a widm of 10 ^m and a height of 1.5 pm. The protruswn is annealed to ^ume me 
shSeof'adome in cross section. The surface of protrusion on the substrate is sii^ectedtome 
a Snventtonal plasma asher. Through me plasma ashing, fine dents are fom,ed on me surface .o* "^f^" ^ 
shown in Rg 148B. The thus obtained substrate is washed, dried, and onto which a vertical onentation member « 
applied by using a printer. Due to me effect of ruggedness formed on me protmsion. me orientation member^ not 
«melled. and a vertical alignment film is formed on me whole surface of me protrusion as shown in Rg. I-'SC. "Riere- 
X. me processing is executed in me same manner as mat of me ordinary multi-domain VA systenr. The mus obte ned 
liquki crysxai display device exhibits favorable display properties wimout defect mat stems from me expulsion of me 

^'^AJiSiel sample of the ashing treatment will be an ozone ashing treatment exhibiting the same effect as that of me 

"'^^ISa pljIsiS^^'i of forming ruggedness. me substrate is washed wim a brush by using a ^^^^f ^^^J^ 
machine after me protrusion has been annealed. This forms ruggedness in me forrn of stripes on 'xomi^'°"- ^^^^ 
examples of the memod of physically forming ruggedness include effecting me rubbing by using a rubbing de^ce as 
i^Rg 1 49A. and trareferring ruggedness of a roller 103 by pushing me rugged roller 1 03 onto the substrate on 
which the protrusion 20 has been formed as shown in Fig. 149B. 

Ra 1 50 is a diagram illustrating me irradiation with ultraviolet rays in order to enhance me wettability of me surface 
of me protrusion relative to me material of me vertical alignment film. As described above, a protrusion 20 same as that 
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of Figs. 148C is formed on the substrate by using a photoresist By using an excimer UV irradiation apparatus, the sub- 
strate is irradiated with urtraviolet rays of a main wavelength of 1 72 nm in an environment in which an oxygen concen- 
tration is not lower than 20% in a dosage of 1000 mJ/cm^. This h Ips improve the wettability of the surfaces of the 
substrate and of the protrust n relative to the material of the vertical alignment fBm. The thus obtained substrat is 
washed, dried, and is coated with the vertical orientation member by using a printer. Since wettability has been 
improved by the irradiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
of the ordinary mutti-domain VA system. The thus obtained liquid crystal display device exhtorts favorable display prop- 
erties without defect that stents from the expulsion of the alignment film. 

Rgs. 1 51 A and 1 51 B are graphs illustrating a change in the expulsion factor of the material of the vertical alignment 
film of when the conditions are changed in which the protrusion formed of a photoresist is irradiated with uHraviolet rays. 
Rg. 151 A is a graph illustrating a relationship among the wavelength, dosage (radiation quantity) arxJ expulsion factor 
(repellent occurrence ratio). Ultraviolet rays havir>g a wavelength of not longer than 200 nm are effective. When the 
wavelength is longer than 200 nm. the improvement is accomplished to only a small degree. When the ultraviolet rays 
have a wavelength of not longer than 200 nm, furthermore, no expulsion (repellent) occurs with the dosage of 1000 
mJ/cm^. Fig. 151B is a graph illustrating a relationship between the oxygen concentration and the expulsion factor of 
when the protrusion is irradiated with ultraviolet rays having a wavelength of not longer than 200 mn with a dosage of 
1000 mJ/cm?. In an environment where the oxygen concentration is low, ozone is not generated in sufficient amounts 
and the improvement is accomplished little. It is therefore desired that the protrusion is irradiated with ultraviolet rays 
having a wavelength of not longer than 200 nm in an environment in which an oxygen concentration is not lower than 
20% with a dosage of not smaller than 1 000 mJ/cm^. 

As an apparatus for generating ultraviolet rays having a wavelength of not longer than 200 nm, there can be used 
a low-pressure mercury lamp in addition to the above-mentioned excimer UV irradiation apparatus. 

In the above-mentioned processing, the substrate was washed and dried after inadiated with ultraviolet rays. How- 
ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried. In this case, since the pro- 
trusion is in-adiated with ultraviolet rays just prior to printing an alignment film thereon, wettability is not impaired by 
being left to stand after it is irradiated or by washing. 

Repellence on the protrusion can be drastically improved if a silane coupling agent an alignment film solvent etc. 
are applied before the alignment film is applied, and then the alignment film is formed. More conaetely, the substrate 
is baked (annealed) and the shape of the protrusion is turned into the semicylindrical shape as shown in Rg. 146. After 
this substrate is washed, hexamethyWisilane (HMDS) is applied by using a spinner. A vertical orientation material is 
applied to the substrate by using a printing press. In this way, the vertical alignment film is satisfactorily formed on the 
surface of the protrusion. Inddentally, N-methylpyrrolidone (NMP) may be applied in place of HMDS. Further, printing 
of the vertical alignment f am may be carried Ixrt in a sealed NMP atmosphere and in this case, too. the vertical align- 
ment film can be formed satisfactorily on the surface of the protrusion. Various solvents are available as the solvent to 
be applied before the formation of the vertical alignment film, and gamma-butyrolactone, methyl cellosolve. etc. as the 
solvent of the alignment film can be used, for example. 

Rgs. 1 52 A to 1 52C are explanatory views useful for explaining an exanrtple of the production method of the protru- 
sion in the 39th enbodiment and represents an example wherein the protrusion is formed by a rr^terial dispersing 
therein fine particles (particulates) (example of the CF substrate side). As shown in Rg. 152A a positive type photosen- 
sitive resin (resist) 355 containing 5 to 20% of fine alumina particles having a grain size of not greater than 0.5 jim in 
mixture is applied onto the electrode 12. The resist 355 is exposed and developed by using a photomask 356 which 
shades the protrusion portion, as shown in Fig. 152B. After baking is carried out, a protrusion 20A shown in Rg. 152C 
can be obtained. The fine alumina particles 357 protrude from the surface of this protrusion 20A and fall off from the 
surface to form holes. In other words, fine concave-convexities are formed on the surface of the protrusion 20A. For this 
reason, wettability can be improved when the vertical alignment film is applied. 

To increase the number of concave-convexities on the surface of the protrusion in the errtxxiiment described 
above, the proportion of the fine alumina particles to be mixed with the resist must be increased. When the proportion 
of the fine alumina particles exceeds 20%. however, the photosensitivity of the resist drops and patterning can not be 
carried out by exposure. Figs. 153A to 153C show a method of n^nufacturing the protrusion when the number of the 
concave-convexities on the surface of the protrusion must be increased. 

A non-photosensitive resin containing a great proportion of fine alumina particles 357 having a grain size of not 
greater than 0.5 ^m is applied onto the electrode. 12 as shown in Fig. 153A. Further, as shown in Rg. 153B, a resist is 
applied to the surface of the resin, and exposure and development are canied out by using a photomask 358 shading 
the protrusion portion. Because the resist remains at only the portions corresponding to the photomask 358, the non- 
photosensitive resin at portions other than the protrusion portion is removed by etching. When leaking is earned out fur- 
ther, the protrusion 20 A can t>e obtained as shown in Rg. 153C. The concave-convexities are formed similariy on the 
surface of the protrusion 20A but because the proportion of the fine alumina particles 357 mixed is great a large 
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number of concave^nvexrties are formed, and wettability can be much more improved than in the embodiment shown 
in Fig. 154 when the vertical alignment film is applied. 

Figs. 154A and 1 54B show another manufacturing method of the concaveH:onvexities on the surface of the protru- 
sion by the fine particles. In this example, after th resist 360 is applied to the surface of the electrode 1 2, the fine alu- 
mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360. followed then by pre-baWng. 
TTiereafter. the protrusion is patterned in the same way as in the prior art, and the protrusion 20 A shown in Fig. 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concave-convexities are fomned. 

Rgs. 155A and 155B are explanatory views useful for explaining an example of the manufacturing method of the 
protrusion in the 39th embodiment, and represents the example wherein a protrusion material is foamed to fomi the 
concave-convexities on the surface of the protrusion. The resist for fbmiing the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Propylene Glycol MonoMethyl Ether Acetate), for example, is applied by a spinner and is then 
pre-baked (pre-cured) at 60**C. Under this state, large quantities of the solvent remain inside the resist Patterning is 
then carried out by exposure and development by using a mask. 

According to the embodiments as described above, as shown in Rg. 156 with a broken line, the temperature is 
gradually raised inside a dean oven up to 200**C in the course of 1 0 minutes, is held at this tennperature for longer than 
75 minutes and is gradually returned to the nornral temperature in the course of 10 minutes. In contrast, according to 
this errtxxliment as shown in Rg. 156 with a continuous line, the substrate is placed on a hot plate at 200*C and is 
heated for 10 minutes. At this time, about one minute time is necessary to raise the sutjstrate tennperature to 200*C. 
Thereafter, the substrate is left standing for cooling for 10 minutes to the normal tenrperature. When quick heating is 
carried out in this way, the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Rg. 155A. The bubbles 362 are emitted outside from the surface of the protmsion 20 as shown in Rg. 1558. At this 
time, the traces 363 of the bubbles are left on the surfece of the protrusion, fonning thereby the concave-convexities. 

Incidentally, when the resist dissolved in the solvent is stin^ed before the application and the bubbles are introduced 
into the resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be earned out while 
a nitrogen gas or a carbonic acid gas is t>eing introduced. According to this method, the bubfcrfes of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases. 
Water of crystallization which emits water at about 120 to about 200°C or a clathrate compound which emits a guest 
solvent may be mixed with the resist too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur A solvent or a silica gel adsorbing a 
gas may be mixed with the resist The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and consequently, foaming is more likely to occur Incidentally, the solid material to be mixed must be smaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
trusion in the zm embodiment and according to such structures; the vertical alignment film can be formed more easily 
n the surface of the protrusion. Rgs. 1 57 A to 1 57C show another method of fonning the protrusion having the grooves 
such as those of the 38th ennbodiment 

As shown in Rg. 157A. the protrusions 365 and 366 are formed adjacent to one another by using a photoresist 
which is used for forming a micro-lens. The patterning shape of ttits micro-lens can be changed depending on the light 
reflection intensity, the baking temperature, the composition, and so forth, and when the suitable baking condition is set. 
the protrusion collapses and changes to the shape shown Rg. 157B. When the vertical alignment fHm 22 is applied to 
tNs shape, as shown in Rg. 157C, ttie vertical alignment film 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material described above is applied to a tNckness of 1.5 jim. ttie protaisions 365 
and 266 are patterned to a width of 3 ^lm and a gap of 1 jim between the protrusions. The film is then baked at 180**C 
for 10 to 30 minutes. As a result, two protrusions are fused to each other to form the shape shown in Rg. 157B. A 
desired shape can be obtained by controlling the baking time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 nm. the width is from 2 to 10 jim and the gap is within the range of 0.5 to 5 ^un. When 
the height of the protmsions is greater than 5 ^irn, this height affects the cell thickness (thickness of the liquid aystal 
layer) and impedes injection of the liquid crystal. When the width of the protrusion is smaller than 2 ^im. on the other 
hand, the orientation limiting force of the protrusion drops. Furthermore, when the gap between the protrusions 
exceeds 5 jim, the two protrusions cannot be fused easily and when it is smaller than 0.5 \im, the depression can not 
be formed at the center - , 

In the foregoing was desaibed the treatment for improving wattability of the protrusion relative to the matenal of ttie 
alignment film according to the 39lh embodiment. Here, the protrusion may have any pattern and may not be of the 
shape of a dome in cross section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
be of any material provided it is capable of forming a protrusion in a desired shape. By taking into consideration ttie 
chemical or physical formation of ruggedness in a subsequent process, however, it is desired to use a material which 
is soft, is not easily peeled off and can be subjected to ttie ashing. The materials satisfying these conditions will be pho- 



42 



EP 0 884 626 A2 



toresist black matrix resin, colored fitter resin, overcoating resin.arri polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
the material of the alignment film, making it possitrfe to prevent a trouble in that the alignment film is not formed on the 

5 surface of the protrusion, the quality of display is improved and the yield is improved. 

In the past, a so-called iDlack matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region t>etween pixels. Rg. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with tXack matrices. As illustrated, a red filter 39R, green filter 39G, and blue f ater 39B 
that coincide with red, green, and blue pixels are formed on a color filter (CF) substrate 1 6. and ITO electrodes 1 2 are 

10 formed on the CF substrate. Furthermore, black matrices 34 are fomied on the borders among the red. green, and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are formed together with ITO electrodes 13 on a TFT sut>- 
strate 1 7. A liquid-crystal layer 3 is interposed t^etween the two substrates 16 and 1 7. 

Rg. 159 is a diagram showing the structure of a p>anel of the 40th embodiment of the present invention, and Rg. 
160 is a diagram showing a pattern of protrusions over pixels in the 40th emfcxxliment As illustrated, the red filter 39R. 

75 green filter 39G. and blue filter 39B are formed on the CF substrate 16. As shown in Rg. 160, the protrusions 20A for 
controlling alignment, which are included in the liquid crystal panel of the first embodiment, are formed on the CF sub- 
strate 16, though they are not shown in Rg. 159. The protrusions 20A are made of a light-interceptive material. Protru- 
sions 61 are formed on the perimeters of pixels. The protrusions 61 are also made of a light-interceptive material and 
function as black matrices. The necessity of forming the black matrices 34 like in the prior art is obviated. The protru- 

20 sions 61 functioning as black matrices can be formed concun-ently with the protrusions 20A. Using this process of man- 
ufacturing, the step of creating black matrices in the course of creating the CF substrate 1 6 can t>e omitted. Reference 
numeral 62 denotes a TFT in each pixel. TTie protrusions 61 are designed to intercept fight from the TFTs. 

In Rg. 1 59, the protrusions 20A and 61 are formed on the CF substrate 1 6. Alternatively, the protrusions 61 or 20A 
or both of them may be formed on the TFT.substrate 17. Owing to this structure, a mismatch between the CF substrate 

2S 16 and TFT substrate 17 occumng during bonding need not be taken into account Consequently, the numerical aper- 
ture of the panel and the yield of a bonding step can be improved outstandingly. Assuming that the CF substrate 16 is 
provWed with black matrices, when the ITO electrodes 13 on the TFT substrate 17 and open portions (portions without 
the black matrices) of the CF substrate 16 are designed to be mutually identical, if a bonding mismatch occun-ed in the 
process of manufacturing the panel, the mismatch region would cause light leakage. This disat>les normal display. Gen- 

30 erally, ©/en if a high-precision bonding nr^chine is employed, a matching error of about ± 5 micrometers (^im) is present. 
A corresponding margin must therefore be preserved. In consideration of the margin, an aperture for each t5lack matrix 
is designed to be smaller. Thus, the alxjve problem is coped with. That is to say. each black matrix is designed to invade 
inio an ITO electrode 13 formed on the TFT substrate 17 by atxjut 5 to 10 micrometers. When the protrusions 61 are 
formed on the TFT substrate 17. the panel is free from the adverse effect of the bonding mismatch. Consequently, the 

35 numerical aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smaller, that is. 
as a resolution improves. For example, in this embodiment, a substrate having ITO electrodes of pixels of which width 
is 80 micrometers and height is 240 micrometers is employed. In any of the conventional modes, since a margin of 5 
micrometers is needed, the width and length of the aperture become 70 micrometers and 230 micrometers respectively, 
and the area of an aperture for each pixel becomes 16100 square micrometers. By contrast, in this embodimerrt, the 

40 area of the aperture for each pixel is 19200 square micrometers. The numerical aperture is improved to be approxi- 
mately 1 -2 times larger than the one permitted by the conventional mode. For realizing a display that offers twice as high 
a resolution as the one provided by the panel, the width and length of an electrode are 40 micrometers and 120 microm- 
eters respectively. In the conventional mode, the area of the aperture for each pixel is 3300 square micrometers. In this 
embodimerrt, the area of the aperture for each pixel is 4800 square micrometers and thus improved to be approximately 

45 1 .5 times higher than the one permitted by the conventional mode. Thus, the higher the resolution is. the greater the 
advantage is. 

Rg. 161 is a diagram showing a pattern of a black matrix (BM) according to a 41th embodiment. It was described 
above that light leaks at the domain regulating means. A minute domain having an orientation angle 90* different 
located at about the top of the protrusion can be used as described above. The light leaks, however, unless a stable 
50 orientation can be secured at alx)ut the top of the protrusion. For the contrast to be improved, therefore, the domain 
regulating means is preferably masked. One method of masking the protrusion is to form the protrusion of a light-shield- 
ing material. According to the 41th embodiment, however, the domain regulating means is masked by use of a black 
matrix (BM). 

As described above, the BM 34 is used for shielding the leakage light at the TFT and the txjundary between the 
55 cell electrode and the bus line. The 41 th embodiment, however, uses the BM also at the donnain regulating means. Con- 
sequently, the leakage light at the the domain regulating means can be masked for an improved contrast. 

Rg. 1 62 is a sectional view of a panel according to a 41 st embodiment. As shown, the BMs 34 are an^nged at posi- 
tions corresponding to the protrusions 20 A. 20 B, the TFT 33. and the inten^al between the bus lines (only the gate bus 



43 



EP 0 884 626 A2 



line 31 is shown) and the cell electrodes 13. 

Rg. 163 shows a pixel pattern according to a 42nd embodiment Conventionally, a delta arrangement is known, in 
which the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 
pixels of 13B. 13G. 13R. Each pixel is almost square in shape, and as compared with a 1-to-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably' In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel, in 
this way. the delta arrangement is very effective in the case where a protmsion anangement or a depression anange- 
ment is continuously formed over the entire substrate surface for orientation division. 

The 43rd embodiment to be descrft>ed next is an embodiment using the protrusions for controlling alignment or the 
protnjsions 61 serving as black matrices in the 40th embodiment as spacers. As also shown in Rg. 19. spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value. Rg. 1 64 is a dia- 
gram showing the structure of a panel of a prior art wherein spacers 45 are placed on borders between pixels and 
define the thickness of cells. The spacers 45 are. for example, spheres having a predetermined diameter. 

Rgs. 1 65 A and 1 65B are diagrams showing the stmcture of a panel of the 43rd embodiment. Rg. 1 65A shows the 
structure of the panel of the 43rd embodiment and Rg. 165B shows a modification. As shown in Rg. 165A, in the panel 
of the 43rd embodiment protrusions 64 fomned on the perimeters o f pixels are made ^ nek as cells, and thus define 
AeWiclS^ofcell^llTtt^^ 

sions 64 may be fonned on the CF substrate 16. This structure obviates the necessity of including spacers. No Ik^ukJ 
crystal is present at the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in black ail the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64 need not be made of a light-interceptive material but can be made 
of a transparent material. ... 

In the 43rd embodiment shown in Rg. 165A. the protrusions 64 define the thickness of cells. The preasion in ttiicK- 
ness of cells is dominated by the precision in forming the protrusions, and is therefore poorer than that pemnitted when 
the spacers are used. A panel having the structure of the sixteenth ennbodiment was actually produced. As a result, a 
level of uncertainty in thickness of cells can be controlled within ± 0.1 mterometers. This level wouW not pose any par- 
ticular problem in practice. However, this structure is unsuitable when the thickness of cells must be controlled strkrtly. 
The modification shown in Rg. 167B is a structure intended to solve this problem. In the nxxiification shown rn Fig. 
167B. the spacers 45 are mixed in a resin to be made into the protrusions 65. and the resin is applied to the substrate. 
The substrate is then patterned in order to form the protrusions. In this nxxdification. the merH of the 43rd emlxxiinient 
that the spacers are unnecessary is lost but there is a merit that the thickness of cells can be defined in-espective to 
the precision in drawing a pattern of protrusions. A panel having the structure shown in Rg. 167B was produced actu- 
ally. The thickness of cells could be defined so precisely that an error falls within ± 0.05 micrometers. Nevertheless, the 
spacers are still needed. However, since the spacers are mixed in a resin, the spacers are an-anged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel production step. The number of steps 
included in the process does not increase. 

Rgs. 166A and 1668 are diagrams showing another modifications of tiie 43rd embodiment. Rg. 166A shows a 
stmcture in which the protnjsions 64 of ttie 43rd embodiment are replaced with protrusions 81 made of a light-intercep- 
tive material, and Rg. 166B shows a structure in v^^ich the protrusions 65 shown in Rg. 165B are replaced with protru- 
sions 82 made of a light-interceptive material. As mentioned above, in Rgs. 165A and 165B. the protmsions 64 and 65 
may be made of a transparent material. The protrusions can still fill the role of black matrices. However, when the pro- 
trusions are made of the light-interceptive material, perfect ligtrt interception can be achieved. 

Rg. 167 is a diagram showing a modification of the 43rd embodiment. Protrusions 83 are formed on the CF sub- 
strate 16 and protmsions 84 are formed on the TFT substrate 17. The protrusions 83 and 84 are brought into contact 
with each other, thus defining the thickness of cells. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its modification. 

In the 43rd embodiment and its modification, protrusions lying on the perimeters of pixels are used to define the 
thickness of ceils. Protrusions for controlling alignment, for example, the protrusions 20A shown in Fig. 160 may be 
used to define the tfiickness of cells. 

Furthermore, in the 40th embodiment. 43rd embodiment and modifications of the 43rd embodiment, protrusions 
are famed all over the perimeters of pixels. Alternatively, the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61. 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material and formed along one sides of only TFT portions of pixels, that is. portions 62 shown in 
Fig 59 As mentioned above, as far as a so-called normally black-mode panel that, like a vertically-aligned (VA) panel, 
appears in black when no voltage is applied to TO electrodes is concerned, even if the black matrices are excluded, 
light leakage hardly poses a problem. In this embodiment therefore, only the TFT portions of pixels are coated with a 
light-interceptive resin but the drain bus lines and gate bus lines surrounding the pixels are not coated therewith. As 
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mentioned above, as the number of light-interceptive regions decreases, the numerical aperture improves accordingly. 
This is advantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment and its modificati ns shown in Rgs. 165 A to 169. 

In the 43rd embodiment, the black matrix is provided with the function of the spacer but according to the prior art, 
spherical spacers having a diameter equal to the cell thickness are sprayed on one of the substrates having the vertical 
alignment film formed thereon and then the other substrate is bor^ed. When the protrusion is fomned on the electrode, 
however, a part of the spacers so sprayed is positioned on the protrusion, if the diameter of the spacers is equal to the 
cell thickness in the case where no protrusion is formed, the cell thickness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outside to the pane! that 
is once assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform display develops. The forty-fourth embodiment to be next explained is directed to solve this 
problem by decreasing the diameter of the spacers in consideration of the thickness of the protrusion. 

Rgs, 1 68A to 1 68C show the panel structure of the 44th embodiment. Rg. 1 68A shows the TFT substrate 1 7 before 
assembly. Rg. 168B shows the CF substrate 16 before asserrtjly and Rg. 168C shows the assembled state. As shown 
in Rgs. 168A and 168B, the protrusion 20A is formed on the electrode 12 of the CF substrate 16 and the vertical align- 
ment film 22 is further formed. The protrusion 20B is fonmed on the electrode 1 3 of the TFT substrate 1 7 and the vertical 
alignment film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 jim 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 
micrometers (jim), and the diameter of the spacer 85 made of a plastic material is 3 fim which is the balance obtained 
by subtracting the height of the protrusion from the cell 1 63 A thickness. As shown in Rg. 1 68A. 1 50 to 300 pcs/mm^ of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 17. A seat is fbmied from a bonding resin on the CF substrate 
1 6 and the CF substrate 16 is bonded to the TFT substrate 1 7. The spacers 85 are positioned on the protrusions 20B 
or below the protrusions 20A at a certain probability as shown in Rg. 168C. This probability corresponds to the propor- 
tion of the areas of the protrusions 20A and 20B to the entire area. Under the state shown in Rg. 168C, the cell thick- 
ness is limited t)y the spacers positioned on the protrusions 20B or below the protrusions A and the thickness of the 
protrusions. The spacers 45 existing at portions other than the protrusions 20A and 20B are floating spacers that do not 
affect the cell thickness. Since the cell thickness is limited by the protmsions 20A and 20B, the cell thickness hardly 
exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move to the 
protrusion portions during the use of the panel, the cell thickness does not become thick, and even when the spacers 
existing at the protrusion portions move to the portions other than the protrusion portions, they change to only the float- 
ing spacers. 

Rg. 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the cell 
thickness. When the scattered density of the spacers is 100 to 500 pcs/ntm^ the cell thickness falls within the range of 
4 ^m ± 0.5 nm. 

Next Rg. 172 shows the experimental result of variance of the cell thickness that occurs when a force is applied 
from outside to the panel, and the scattered density of the spacers. It can be appredated from this result that when the 
scattered density is lower than 150 pcs/mnf. variance is likely to occur again t the force applied, and when the scat- 
tered density exceeds 300 pcs/mm^, variance is likely to occur against the tensile force. Therefore, the optinuim scat- 
tered density is 1 50 to 300 pcs/mm^. 

In the manufacturing process of the liquid crystal display panel, ionic impurities are sometimes entrapped and ions 
contained in the liquid crystal arxl ions eiuting from the alignment film, the protrusion forming material, the seal material, 
etc, mix in the liquid crystal panel in some cases. When the ions mix into the liquid crystal panel, the specific resistance 
of the panel drops, so that the effective voltage applied to the panel drops, too. thereby resulting in burn of the display 
and in the drop of the voltage retention ratio. In this way, mixing of the ions into the panel lowers display performance 
and reliability of the liquid crystal panel. 

For these reasons, the ion adsorption capacity is preferably provided to the dielectric protrusion formed on the elec- 
trode, used as the domain regulating means in the emt>odiments described above. There are two methods of providing 
the ion adsorption capacity to the protrusion. The first method in-adiates the ultra-violet rays and the second adds a 
material having the ion adsorption capacity to tiie material of the protrusion. 

Surface energy of the protrusion forming material rises when the ultra-violet rays are irradiated to the material. Con- 
sequently the ion adsorption capacity can be improved. The surface energy t can be expressed by the sum of tiie polar- 
ity term -yp of the surface energy and its scatter term yd. The polarity term is based on the Coulomb electrostatic force 
and the scatter term, on the scatter force among tiie van der Waals force. When the ultra-violet rays are irradiated, 
bonding at portions having a low bonding energy is cut off. and oxygen in air combines with the cut portions. Accord- 
ingly, the polarizability of the surface increases, the polarity term becomes great and the surface energy increases. 
When the degree of polarization increases, the ions become more likely to be adsorbed to the surface. In other words, 
the surface of the protrusion comes to possess tiie ion adsorption capacity when the uftra-violet rays are in-adiated. It 
is preferred to selectively irradiate the ultra-violet rays to only the proti-usions wh n inadiating the ulti^-violet rays, but 
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because the bonds of the protrusion forming material are more likely to be cut off than the bonds on th surface of the 
substrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 
An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 

5 the materials having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions, and supple- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons, it is not suitable for the protrusion forming nr^terial. Among the materials having the ion supplementing capacity, 
some materials exist which have the ion supplementing capacity without emitting the substituent ions, and such rhate- 
rials are preferably used. Examples of such materials are crown ether having the chemical formula shown in Rgs. 1 71 A 

10 and 171B and kryptand having the chemical formula shown in Figs. 172A and 172B. Further, inorganic materials such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, these materials are 
used. Incidentally, since the kinds of the ions adsorbed by one ion adsorption material are limited, materials adsorbing 
different ions are preferably used in combination; 

A protrusion line having a width of 7.5 jim. a height of 1 .5 ^m and a gap of 1 5 ^im between the protrusions is formed 

IS from a positive type resist, and is subjected to the treatment for imparting the various ion adsorption capacity described 
above so as to manufacture the panels. Rg. 250 shows the result of measurement of the initial ion density and the ion 
density (unit: pc) after the use for 200 hours of the panel so manufactured. In Rg. 250. ultra-violet rays of 1 ,500 mJ are 
inadiated in Example G, 0.5 wt% of crown ether is added in Example D. zeolite is added in Exanple E, and crown ether 
and zeolite are added in Example F. For reference, the case where the treatment for imparting the ion adsorption capac- 

20 ity is not carried out is represented as Comparative Example. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at the time of use. arKi the temperature at the time of measurement is 50*C. It can be appreciated from the 
result that the initial value of the ion density remains at suljstarrtially the same level regardless of the ion adsorption 
capacity treatment. However, the ion density after 200 hours drastically increases when this treatment is not carried out, 
but when the treatment is carried out. the increase remains small. 

25 When the sample to which the ultra-violet rays are irradiated and the sample which is not at all treated are sub- 
jected to tfie practical running test, burn occurs in the un-treated sample but does not occur in the sample subjected to 
the ultra-violet irradiation. 

In the 40th embodiment, ttie sti-ucture in which a pattern of protrusions is drawn on the CF substrate 1 6 using black 
matrices has been disclosed. TTie sti-ucture will be described below. 

30 As mentioned above, if a pattern of protrusions can be drawn on the CF sut^strate 1 6 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern of protrusion 
can be minimized. The severrteenth emtxxjiment is an embodiment in which a pattern of protrusions are drawn on the 
CF substrate 16 by utilizing the conventional manufacturing process. 

Rgs. 173A and 173B are diagrams showing the structure of the CF substrate of the 45th embodiment. As shown 

35 in Rg. 173A, in the 45th embodiment the color filter (CF) resins 39R and 39G (and 398) are applied pixel by pixel to 
the CF substrate 1 6. Black matrices or an appropriate material such as a CF resin or any other flattening resin is used 
to define a pattern of proti-usions 50 A by ti-adng predetermined positions. ITO (transparait) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the black matricis is not restricted to any specific one. 
For forming protrusions, however, a certain thickness is needed. From this viewpoint tiie adoption of a resin is prefer- 

40 able. 

Rg. 173B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black matiices or an 
appropriate material such as a CF resin or any other flattening resin is used to draw a pattern of protrusions 50B by 
tracing predetermined positions on the CF substrate 16. Thereafter, the CF resins 39R and 39G are applied. Conse- 
quently, the CF resin defining tiie pattern of protrusions gets thicker. The pattern of protrusions can now provide protru- 
45 sions as it is. The ITO (ti-ansparent) electrodes 12 are ttien formed. 

According to tiie structure of the 45th embodiment, protrusions can be formed at any positions on the CF substi^te. 

Rg. 174 is a diagram showing tfie structure of a panel of the 46th embodiment. In the 46th embodiment, the pro- 
trusions 50 are formed on the perimeters of pixels on the CF substi-ate 16, that is, on seams between the CF resins 
39R, 39G. and 398 or on seams relative to black matrices 34. On the TFT substrate 1 7. the protrusions 20B are formed 
so at positions coincident with intermediate positions between the seams. For forming continuous proti-usions along one 
sides of the pixels opposed to the seams on the CF substrate 16, that is. for drawing a pattern of linear protrusions, a 
pattern of linear protrusions is drawn parallel to the pattern of protrusions by ti-acing positions near the centers of the 
pixels on the TFT substrate. Moreover, when continuous protrusions are formed along all sides of the seams t^etween 
the pixels on the CF substrate 16. the pattern shown in Figs. 80 A to 81 is drawn. On tiie TFT substrate 17, pyramidal 
55 protrusions are formed near ttie centers of the pixels. 

The structure of the panel of the 46th embodiment can be adapted to various forms. An example of the structure of 
the CF substrate of the 46th embodiment will be described below. 

Fig. 175A to 180B are diagrams showing examples of the structure of the CF substrate of the 46th embodiment. 
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Fig. 175A shows a structure in which the black matrix (BM) 34 is interposed between each pair of the CP resins 39R 
and 39G. The black nnatrices 34 ar formed thicker than the CF resins, and the ITO electrodes 12 are formed on the 
black matrices 34. The black matrices 34 become protrusions. Even in this case, the t^lack matrices 34 should prefera- 
bly be made of a resin or the like. 
5 In Rg. 1 75B, the thin biack matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 

ins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The ITO electrodes 12 are formed on the protrusions. 

In Rg. 176A. the thin t^ack matrices made of a metal or the like are formed on the CF substrate 12. The CF resins 
39R and 39G are applied to the substrate, thus forming color filters. A resin other than the CF resin, for example, a resin 
10 used as a flattening materialis used to form protrusions 71 without the use of the black matrices 34. The ITO electrodes 
12 are then formed on the protrusions. In this case. like the structure shown in Rg. 175A. the flattening material is 
applied thicker than the CF resin. 

In Rg 1 768. a resin or the like is used to form the black matrices 34. of which thfokness is the same as the thickness 
of protrusions, on the CF substrate 1 2. The CF resins 39R and 39G are applied so that they will overlap the black matri- 
15 ces 34, thus forming color filters. Thereafter, the ITO electrodes 12 are formed. The portions of the CF resins overiap- 
ping the black matrices 34 serve as protrusions. 

In Rg. 177A. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12, and the CF 
resin 39R is then applied to the substrate. Thereafter, the CF resin 39G is applied to overiap the CF resin 39R, and the 
ITO electrodes 1 2 are then formed. Portions of the CF resin 39G overlapping the CF resin 39 R serve as protrusions. At 
20 the positions of the protrusions, the black matrices 34 are included for not allowing passage of light Either of the color 
filter resins may overiap the other color filter resin. According to this structure, protrusions can be formed at the step of 
forming color filters. The number of steps will therefore not inaease. 

In Rg. 1778. a flattening material 71 is applied to overiap parts of the CF resins 39R arxJ 39G on the same sub- 
strate as the one shown in Rg. 176A. Portions of the flattening material 71 overiapping the CF resins serve as protru- 
25 sions. Owing to this structure, the flattening material 71 can be made as thin as the height of protrusions. 

The aforesaid structures are structures in which ITO electrodes are formed on protrusions and electrodes have the 
protrusions. Next, an example of a structure in which an insulating material is used to form protrusions on the ITO elec- 
trodes will be described. 

In Rg. 178, after cofor filters are formed on the CF substrate 16 by applying the CF resins 39R and 39G, the ITO 
30 electrodes 12 are formed. The black matrices 34 are then placed in order to form protrusions. Even in this case, the 
number of steps will not increase. 

In Rg. 179A. after the thin black matrices 34 are formed on the CF substrate 16, the ITO electrodes 1 2 are formed. 
Color filters are then formed by applying the CF resins 39R and 39G. At this time, the CF resin 39G is applied to overlap 
the CF resin 39R, thus forming protrusions. Even in this case, the number of steps will not increase. 
35 In Rg. 1 798, after the thin black matrices 34 are formed on the CF sut^rate 1 6. color filters are formed by applying 
the CF resins 39R and 39G. The ITO electrodes 12 are then formed. The flattening material 71 is then used to form 
protrusions. 

In Rg. 180 A, after the ITO electrodes 12 are formed on the CF sutjstrate 16, color filters are formed by applying the 
CF resins 39R and 39G. The black matrices 34 are then placed on the color filters, thus forming protrusions. 

40 In Rg. 1 808, after the thin black matrices 34 are formed on the CF suljstrate 1 6, color filters are formed by applying 
the CF resins 39 R and 39G. A flattening material 72 is used to flatten the surface. The ITO electrodes 12 are then 
formed on the surface and the black matrices 34 are further formed, whereby protrusions are realized. 

Rgs. 181 A to 181 G are diagrams illustrating the steps for produdng the color fitter (CF) substrate according to a 
47th embodiment. The CF substrate has a protrusion as a domain regulating means. 

45 Referring to Fig. 181 A, a glass sutjstrate 16 is prepared. Then, as shown in Fig. 181 B, a resin (resin 8. CB-7001 , 
manufactured by Fuji Hanto Co.) 39B' for negative-type flue filter is applied onto the glass substrate 16 maintaining a 
thickness of 1 .3 pm. Then, as shown in Rg. 1 81 C, the resin B is formed on the portions of the blue (8) pixel, BM portion 
and protrusion 20A by the photolithography method using a photomask 370 as shown. Next referring to Rg. 181D, a 
resin (resin R, CR-7001 , manufactured by Fuji Hanto Co.) 39R' for red filter is applied to form the resin R on the portions 

50 of the red (R) pixel, BM portion and protrusion 20A by the photolithography method. Referring to Fig. 181 E, a resin 
(resin G, CG-7001 , manufactured by Fuji Hanto Co.) 39G' for green filter is applied to form the resin G on the portions 
of the green (G) pixel. BM portion and protrusion 20A by the photolithography method. Through the above-mentioned 
steps, corresponding color filter (CF) layers are formed in one layer only on the pixel portions 8. G and R, and the resins 
B. G and R are formed in three layers being superposed one upon the other on the BM portion and on the protrusion 

55 20A. The portions where the resins B. G and R are superposed in three layers are black portions without almost per- 
mitting the passage of light 

Next, a transparent flatt ning resin (HP-1009 manufactured by Hitachi Kasei Co.) is applied by a spin coater main- 
taining a thickness of about 1.5 ^m. p st-baked in an oven heated at 230°C for one hour, and an ITO film is formed by 
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mask-sputtering. Referring next to Rg. 181 F, a black positive-type resist (CFPR-BKP nr^nufactured by Tokyo Ohka Co.) 
is applied by the spin coater maintaining a thickness of about 1 .0 to 1 .5 \i, pre-baked. and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1000 mJ/cm^ from the back surface of the glass substrate 1 6 through 
the CF resin. The portions where the resins B. G and R are superposed in three layers permit ultraviolet rays to transnvt 
5 through less than through other portions, arvj where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 arxi the protrusion 20A are formed that were not exposed to light, and 
are post-t>aked in an oven heated at 230''C for one hour. Moreover, a vertical alignment film 22 is formed to complete 
the CF substrate. 

Fig. 182 is a sectional view of a liquki crystal panel completed by sticking the CF substrate 16 prepared as 

10 described above and a TFT substrate 17 together. In the TFT substrate 17, a slit 21 is formed as a domain regulating 
means in the pixel electrode 13, and a vertical alignment film 22 is fonrned thereon. Reference numeral 40 denotes a 
gate protection film and a channel protection f Qm. On the portions where the light must be shielded, the BM 34 and the 
resins of the three layers B, Q and R are superposed one upon the other to fa^np\y shield the light. The protrusion 
20A of the CF substrate 16 and the slit 21 in the TFT substrate 17 divide the orientation of liqwd crystals making it pos- 

15 sible to obtain good viewing angle characteristics and high operation speed. 

According to the 47th embodiment as described above, the protrusion 20A which is the domain regulating means 

*«M«andktheiBMt34mreiiformed(ontthei@IiisubstrateiL^ 

by exposure to light from the back surface, making it possible to simplify the steps for forming the protrusion 20A and 
the BM 34, to lower the cost and to increase the yield. 

20 In the 47th embodimem, the pigment scatter method is employed tor forming the CF. This can be similarly adapted 
even to the dying method arri to the case where a norhphotosensitive resist formed by dispersing a pigment in the poly- 
imide is to be formed by etching. According to tiie 47th emtxxjiment. the CF resins are superposed in three layers on 
the portions of the protrusion 20A and BM 34. These resins, however, may be superposed in two layers provided the 
wavelength of tiie irradiation light and tiie in-adiation energy are suitably selected at the time of exposure tiirough the 

25 back surface. 

In the 47th emtxxliment. the BM and the protrusion which is the domain regulating means are formed on the CF 
substrate without patterning. However, the fifth embodiment can be also adapted even to the case where tiie BM only 
is formed witiiout forming protrusion, as a matter of course. A 48th embodiment deals with a case where the BM is 
formed but forming tiie protrusion by a method different from that of the 47th errtxxliment. 

30 Figs. 1 83A and 1 83B are diagranns illustrating a step of producing the CF substrate according to the 48th embodi- 
ment, and Rgs. 184A and 184B are diagrams illustrating a panel structure according to the 48th embodiment 

In the 48tii emlxxiiment, no CF resin is superposed on a portion corresponding to tiie proti-usion but the CF resin 
is superposed on a portion corresponding to the BM only to form a BM profrusfon 381 . Next without effecting the flat- 
tening, an ITO film 12 is formed as shown in Rg. 183A, and tiie above-mentioned black positive-type resist 380 is 

35 applied thereon maintaining a predetermined thickness, for example, about 2.0 |im to 2.5 \im. Then, tiie developing is 
effected t^y exposure to light from the back surface to obtain a panel having a BM resist 380 superposed on the BM pro- 
trusion 381 as shown in fig. 183B. The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT substrate are stuck together to prepare a panel shown in Rg. 184A. Rg. 184B is a 
view illustrating, on an enlarged scale. A drcular portion of a dotted line of Rg. 184A, and in which the BM resist 380 is 

40 in contact with the TFT substrate 1 7. and the distance between the substrates is defined by both the BM protrusion 381 
and the BM resist 380. That is, the BM protirusion 381 and the BM resist 380 work as a spacer. 

According to the 48tti embodiment as described atxjve, there is no need to pattern tfie BM simplifying the steps, 
and the BM works as a spacer eliminating the need of providing the spacer. In the 48th emtxxliment. tiie positive-type 
resist was used to form the BM by exposure to light through the back surface without effecting the patterning. However, 

45 either the negative-type resist or ttie posrtive-type resist can be used provided it can be patterned by the photolithogra- 
phy metiiod. The resist which is not of a black color can be used for forming protrusion which works as a domain regu- 
lating means, or can be used as a spacer in compliance with the 47tii embodiment. 

Next described below is a case where the protrusion 341 on which the CF resin is superposed in the 48th embod- 
iment, is directiy used as the BM. 

50 Rgs. 185A to 185C are diagrams for illustrating the steps for producing the CF sut>strate according to a 49tfi 
embodiment, and Rg. 186 is a diagram illustrating a panel structure according to tiie 49th embodiment. 

Refemng to Rg. 1 85A, the CF resin is superposed in three layers on the BM to form a protrusion 381 which permits 
light to pass through very littie. Referring next to Rg. 185B, the above-mentioned transparent flattening resin is applied 
by a spin coater maintaining a thickness of about 1 .5 tom, post-baked at 230°C for one hour and. then, an ITO film 12 

55 is formed. Then, in Rg. 185C. a positive-type resist (SC-181 1 manufactured by Shipley Far East Co.) is applied main- 
taining a thickness of about 1 .0 to 1.5 \im). pre-baked, and a protrusion 20A is formed by the photolithography mettiod. 
The protrusion 381 formed by superposing the CF resins B. G arxl R in three layers does not almost permit light to pass 
through and works as the BM. The thus completed CF substrate 16 and tiie TFT substrate 17 are stuck together via a 
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spacer 45 to obtain a panel as shown in Rg. 186. 

The 47th to 49th ennbodiments have dealt with the cases where the BM was formed by superposing the CF resins. 
The liquid crystal display device of the VA system holding the negative-type liquid crystals, is normally black, and the 
non-pixel portions to where no voltage is applied do not almost permit light to pass through. Therefore, the BM for 

5 shielding light for the non-pixel portions may have a light transmission factor which is not acceptat)le in the case of the 
normally white device. That is. the BM may have a light transmission factor which is low to some extent An 50th embod- 
iment is to easily produce the CF sutTstrate by giving attention to this point and uses a CF resin or. concretely speaking, 
uses the resin B as the BM. This does not de/elop any problem from the starxipoint of quality of dsplay. 

Rg. 187 is a diagram illustrating a step for producing the CF substrate according to the 50th emtsodiment. and Rgs. 

10 1 88A and 1 88B are diagrams illustrating the panel structure according to the 50th embodiment 

Referring to Rg. 187. the CF resins R. G (CR-7001, CG-7001, manufactured by Fuji Harrto Co.) of two colors are 
formed on the glass sut^strate 16. and the negative-type photosensitive resin B (CB-7001 manufactured by Fuji Hanto 
Co.) is applied thereon by using a spin coaler or a roll coater and is pre-baked. Then, the glass substrate 16 is exposed 
to ultraviolet rays of a wavelength of 365 nm in a dosage of 300 mJ/cnrf from the back surface thereof, developed by 

75 using an alkali developing solution (CD nnanufactured by Fuji Hanto Co.). and is post-baked in an oven heated at 230*C 
for one hour. Thereafter, an ITO film is formed and. then, a vertical alignment film is formed. That is, the resin B is 
formed on the portions ether than tiie portions where tiie CF resins R and G are formed. The CF resins are not formed 
on the portions where the light must be shielded by forming the BM; i.e., the resin B is formed on the portions where 
the light must be shielded. 

20 Refem'ng to Fig. 1 88A. the resin B 39B is formed as BM on the portions of bus lines 31 . 32 and on ttie portions of 
TFTs where tine light must be shielded. Fig. 188B is a diagram illustrating, on an enlarged scale, a circular portion of a 
dotted line of Rg. 188A. As shown, a high numerical aperture can be obtained by selecting the width of the light-shield- 
ing portion (resin B) 382 of the side of the CF indicated by an arrow to be equal to the widtiis of the bus lines 31 , 32 of 
the TFT substrate 1 7 to which a margin ® is added at the time of sticking the two pieces of substrates together. 

25 In the 50th embodiment, the resin B is formed last since the transmission factors of the g-, h- and i-rays of photo- 
sensitive wavelengths are resin B > resin R > resin G. When the CF resin having a high exposure sensitivity (which may 
be exposed to a small amount of light) and the CF resin which permits photosensitizing wavelength to pass through at 
a large rate, are formed last the resin of a color formed last remains littie on the resins that have been formed already, 
which is desirable. 

30 In general, it is effective if the first color is that of a resin (generally B > R > G in the transmission light) which makes 
it easy to discrimir^te the position alignment mark of an exposure device, and if the alignmerrt mark is formed together 
with the pixel pattern. 

Rg. 192 is a diagram illustrating the structure of the CF substrate according to a 51th embodiment. In the conven- 
tional liquid crystal display device, the BM 34 of metal film is formed on the glass substrate 16, the CF resin is formed 
35 thereon, and the ITO film is further formed thereon. According to the nirrth embodiment, on the other hand, the BM is 
formed on the ITO film. 

In tiie 51 th embodiment the CF resin 39 is formed by patterning on the glass sutjstrate 1 6 like in the embodiments 
desaibed above. As required, a transparent flattening member may be applied thereon. Next, a trartsparent ITO film 12 
is formed, and a light-shielding film 383 is formed on a diagramed portion tiiereon. For example, the ITO film 12 is 

40 formed by sputtering maintaining a thickness of about 0.1 ^im via a mask, and chromium is grown thereon as a light- 
shielding layer maintaining a tiiickness of about 0.1 jim. Furthermore, a resist is uniformly applied onto the light-shield- 
ing layer maintaining a thickness of about 1 .5 ^ by such a coating method as spin coating, and the light-shielding film 
is exposed to light through a pattern, developed, etched, and is peeled, tiiereby to form tiie light-shielding film 383. The 
light-shielding film 383 is composed of chromium and is electrically conducting, has a large contact area relative to the 

45 ITO film 12 and makes it possible to lower the resistance of the ITO film 12 over the whole substrate. The ITO film 12 
and the light-shielding film 383 may be formed by any method. According to the conventional method, the ITO film 12 
is formed, and the sut)strate is annealed and is washed to form the chromium film. According to the 5 1th embodiment, 
the pro film 1 2 and the chromium film are continuously formed in an apparatus, making it possible to decrease the step 
of wa&hing and. hence, to simplrty the steps. Therefore, no film-forming device is required, and the apparatus Is realized 

50 in a small size. 

Rgs. 190 A and 190B are diagrams illustrating a modified example of the CF substrate of the 51th embodiment. In 
Fig. 190 A, the three CF resins are formed, another resin 384 is formed in a groove in the boundary of the CF resins, 
and the ITO film 12 and the light-shielding film 383 are formed. In Rg. 190B, the two CF resins 39R and 39G are formed 
like in the eighth embodiment explained with reference to Fig. 187. Then, ttie resin B is applied maintaining a tiiickness 
55 of about 1 .5 ^im. and the substrate is exposed to light from the t>ack surface thereof and is developed to form a flat sur- 
face. Then, the ITO film 12 and the light-shielding film 383 are formed thereon. Since the surfaces of the CF layers are 
flat the ITO film is not cut and the resistance of the ITO film 12 can be lowered over the whole substrate. 

When a colored resin having a low reflection factor is used as the resin 384 or 39B under the light-shielding film 
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383. tfie light-shieiding portion exhibits a decreased refection factor, and light falling on the liquid crystal display device 
from the outer side is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 39B urKler the tight-shielding film 383. the light-shielding portion exhibits a decreased transmission fiac- 
tor. erring the contrast of the liquid aystal display device to be enhanced. 

5 In the structure of Rg. 190B, furthermore, the OF resin 34B is formed requiring no patterning. Therefore, there is 

no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the facilities can be decreased and the cost can be decreased, too. 

Rg. 191 is a diagram illustrating a modified example of the 51st embodiment Spacer for controinng the thickness 
of the liquid crystal layer are mixed in advance in the resist that is to be applied onto the light-shielding film. After the 

10 resist is patterned, therefore, the spacers 45 are formed on the light-shielding f Im that is formed in any shape. This elim- 
inates the step for dispersing the spacers. 

Rg. 192 is a diagram illustrating a OF substrate according to a 52rd embodiment According to this embodiment, a 
chromium film is formed on the ITO film 12 and a resist is applied thereon. At the time when the light-shielding film 383 
is to be patterned and exposed to light the protrusion that works as a domain regulating means is patterned simutta- 

75 neously therewith. After developing and etching, the resist is not peeled off but is allowed to stay Thus, an insulating 
protrusion 387 that works as a domain regulating means is formed on the CF substrate 16. By using such a CF sub- 
strate, there is realized a panel of a structure shown in Rg. 1^ 

As described in the 47th embodiment, CF films are formed on a CF substrate, the CF substrate is coated with flat- 
ting resin such as acrylic resin so that the surface of the substrate becomes flat and an electrode of an ITO film is 

20 formed thereon. In some cases, the surface flatting step is omitted in order to simplify the process. The CF substrate to 
which the surface flatting step is not performed is called a CF substrate with no top-coat The CF sutsstrate with no top- 
coat has grooves formed between respective CF films. The ITO film is formed with a sputtering process. When the ITO 
film is formed is formed on the CF substrate with no top-coat it occurs a problem that the ITO layer is rigid on flat sur- 
faces but it is coarse at the grooves because the sputtering process has anisotropy. 

25 Therefore, when material of vertical alignment f 3m is coated or printed, solvent included in the material infiltrates 
into the CF films through the grooves after the coating or printing to a precuring process. The infiltrated solvent remains 
Inside the CF layers after the precuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the sur^ces of the vertical alignment film. The craters cause display unevennesses. According to the 51th 
embodiment, the light-shieWing film provided at the grooves can prevents the infiltration of solvent In a 52th embodi- 

30 ment. resin provided at the grooves between respective CF films are used as protrusions. 

Rgs. 251 A to 251 D are diagrams showing a production process of a CF substrate of the 52th embodiment. Rg. 
251 A shows a CF substrate with no top-coat The CF films 39R, 39G and 39B are formed, the light-shielding films 34 
are formed urKler the boundaries of the respective CF films, and the ITO film is formed the CF films. As shown in Rg. 
251 B. a positive resist is coated. As shown in Rg. 251 C, the positive resist is irradiated with ultraviolet light from a sur- 

35 face of the glass substrate, arxj it is developed. Then, protrusions 390 are formed at positions corresponding to the 
light-shielding films 34. The protrusions 390 prevent the infiltration of solvent Further, the protrusions 390 operate as 
the protrusions 20A of the CF substrate. 

The structures of a liquid crystal display in accordance with the present invention have been descn*bed so far. 
Examples of applications of the liquid crystal display will be described below. 

40 Rg. 194 shows an example of a product employing the liquid crystal display in accordance with the present inven- 
tion, and Fig. 195 is a diagram showing the structure of the product. As shown in Fig. 195, a liquid-crystal panel 100 
has a display surface 111, and makes it possible to view a displayed image not only from the front side txit also from 
any oblique direction defined by a large angle while offering an excellerrt viewing angle characteristic, a high contrast, 
arxj good quality but not causing gray-scale reversal. On the back side of the liquid crystal panel 100, there are a light 

45 source 114 and a light box 1 13 for converting illumination light emanating from the light source 1 14 to light capable of 
illuminating the liquid-crystal panel 100 uniformly. 

As shown in Rg. 1 94, a display screen 1 10 of this product is turnable and the product is therefore usab>le as either 
a sideways display or lengthwise display according to a purpose of use. A switch for use in detecting a tilt by 45** is 
therefore included. By dietecting the state of the switch, switching is carried out to select whether display is carried but 

so for the sideways display or for the lengthwise display For this switching, a mechanism for changing a direction, in which 
display data is read from a frame memory for image display, by 90** is needed. The relevant technology is well-known. 
The description of the technology will be omitted. 

An advantage provided when the liquid crystal display in accordance with the present invention is adapted to the 
above product will be described. Since a conventional liquid crystal display permits only a small viewing angle, when a 

55 large display screen is adopted, there arises a problem that a viewing angle relative to a marginal part of the screen 
gets so large that the marginal part becomes hard to see. However, a liquid crystal display in which the preserrt inven- 
tion is implemented makes it possible to view a high-contrast image even at a large viewing angle without occurrence 
of gray-scal reversal. In the product shown in Rg. 194. a viewing angle relative to a longer marginal part of the display 
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screen becomes large, tt has therefore been impossible to adapt a liquid crystal display to this kind of product. Th liq- 
uid crystal display of the pres rrt invention permitting a large viewnng angle can be adapted to th product 

The aforesaid embodiments provide liquid crystal displays in each of which the orientation of a liquid crystal is 
divided for dividing each domain of the liquid crystal mainly into four regiorts whos azimuths are nutually different in 

5 increments of 90**, and liquid crystal displays in each of which the orientation of a liquid crystal is divided for dividing 
each domain of the liquid crystcU mainly into two regions whose azimuths are mutually different in increments of 90**. 
This point will t^e discussed in relation to applications of the present invention. When the orientation erf a liquid crystal 
is divided for dividing each domain of the liquid crystal into four regions whose azimuths are mutually different in incre- 
ments of 90^. a good viewing angle characteristic can be exhibited in almost all directions. To whichever directions the 

10 orientation is set, no problem occurs in particular For example, when the pattern of protrusions shown in Rg. 54 is 
arranged as shown in Rg. 196A relative to a screen, a viewing angle at which display appears well is 80** or nrtore botii 
in lateral and vertical directions. Even after the screen is turned and the pattern of protrusions is arranged as illustrated 
on the right side of Fig. 1 96A, no problem occurs in particular. 

By contrast, when the orientation of a liquid crystal is divided for dividing each domain thereof into two regions 

IS whose azimuths are mutually different by 180**. the viewing angle characteristic will be improved relative to the direc- 
tions into which the orientation is divided but will not be improved very much relative to directions different from the 
directions by 90**. When a nearly equal viewing angle characteristic is requested to be exhibited in both lateral and ver- 
tical directions, a pattern of protrusions should preferably be, as shown in Rg. 1 96B. run in an oblique direction in a 
screen. 

20 Next, a process of manufacturing a liquid crystal display in accordance wrtii the present invention will be described. 
In general, the process of nnanufacturing a liquid crystal panel comprises, as described in Rg. 197. a step 501 of clean- 
ing substrates, a step 502 of forming gate electrodes, a step 503 of forming an operating layer by applying a continuous 
film, a step 504 of separating devices, a step 505 of applying a protective film, a step 506 of forming pixel electrodes, 
and a step 508 of assembling connponents which are carried out in that order. For forming insulating protrusions, the 

25 Step 506 of forming pixel elements is succeeded by a step 507 of forming protrusions. 

As shown in Rg. 198. the protrusion forming step comprises a step 51 1 of applying a resist, a step of pre-baking 
the applied resist, a step 513 of exposing a pattern of protrusions so as to leave the positions of the protrusions intact, 
a step 514 of performing development so as to remove portions other than the protrusions, and a step 515 of post-bak- 
ing the remaining protrusions. As described above, at the subsequent step of applying an alignment film, there is a pos- 

30 sibility that the resist may react upon the alignment f 3m. At the post-taking step 51 5. baking should therefore be carried 
out at a high temperature of a certain level. During the baking, if protrusions are curved to have a cylindrical section, 
the stability of alignment will increase. 

Even when dents are formed as a domain regulating means, neariy the same process as the foregoing one is 
adopted. However, when electrodes are slitted, a pattern having siitted pixel electrodes should merely be created at the 

35 pixel electrode forming step 506 in Rg. 1 97. The protrusion forming step 507 becomes unnecessary. 

What is descn'bed in Fig. 198 is an example of drawing a pattern of protrusions using a photosensitive resist. The 
pattern of proti'usions may be printed. Rg. 199 is a diagram showing a technique of drawing a pattem of protrusions by 
performing letterpress printing. As shown in Rg. 199, a pattem of protrusions is drawn on a flexiljle relief plate 604 
made of an APR resin. The relief plate is in turn fixed to the surface of a large roller 603 referred to as a plate cylinder. 

40 The plate cylinder is rotated while being irrteriocked with an anilox roller 605. a doctor roller 606. and a printing stage 
602. A polyimide resin solution used to form protrusions is dropped onto the anilox roller 605 by a dispenser 607, and 
spread by the doctor roller 606 to be developed uniformly over the anilox roller 605. The developed resin solution is 
transferred to the relief plate 604. The solution transferred to tiie raised portion of the relief plate 604 is transfen-ed to a 
substrate 609 on the printing stage 602. Thereafter, baking or the like is carried out Various techniques of drawing a 

45 microscopic pattern by printing have been employed in practice. If a pattern of protrusions can be drawn using any of 
the techniques, the pattern of protrusions can be drawn at low cost. 

Next, injection of a liquid aystal into a liquid-crystal panel to be performed after upper and lower substrates are 
bonded will be described. As described in conjunction with Rgs. 18A and 188. at the step of assembling components 
to produce a liquid-crystal panel, after a CF substrate and TFT substrates are bonded, a liquid crystal is injected. A VA 

so type TFT LCD has cells whose tiiickness is small It takes much time to inject a liquid crystal. Since protrusions are 
formed, it takes much more time to inject the liquid crystal. It is therefore requested to shorten the time required for 
injecting the liquid crystal as much as possit>fe. 

Rg. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus. The details of the apparatus 
will be omitted. An injection connector 615 is attached to a liquid-crystal injection port of a liquid-crystal panel 100. and 

55 a liquid crystal is supplied from a liquid-crystal defoamer and pressurtzer tank 614. Concurrently, an exhaust connector 
61 8 is connected to a liquid-crystal exhaust port, and the pressure in the liquid-crystal panel 1 00 is reduced using a vac- 
uum pump 620 for deaeration so that a liquid crystal can be injected readily. A liquid aystal exhausted through the 
exhaust port is separated from an air by a liquid-crystal trap 61 9. 
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in the first embodiment, as shown in Rgs. 18A and 18B. the protrusions 20 are linear and running in a direction 
parallel to the long side of the panel 100. TTie liquid crystal injection port 102 is formed on a short side of the panel ver- 
tical to the protrusions 20, while the exhaust ports 103 are formed on the other short side thereof opposite to the side 
on which the injection port 1 02 is formed. Ukewise, as shown in Rgs. 201 A and 201 B. when the protrusions 20 are lin- 
ear and running in a direction parallel to the short side of the panel 100, preferably, the liquid-crystal injection port 102 
is formed on one long side of the panel vertical to the protrusions 20, and the exhaust ports 1 03 are formed on the other 
long side thereof opposite to the long side on which the injection port 102 is formed. Moreover, as shown in Rgs. 202 A 
and 202B. when the protrusions 20 are zigzagged, the liquid-crystal injection port 102 is preferably fornied on a side of 
the panel vertical to a direction in which the protrusions 20 are extending. As shown in Rgs. 203 A and 203 A. the 
exhaust ports 103 are preferably formed oh a side of the panel opposite to the side on which the injection port 102 is 
formed. 

During injection of a liquid crystal, foams may be mixed in the liquid crystal. Once foams are mixed in a liquid crys- 
tal imperfect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are employed, when 
no' voltage is applied, black display appears. Even if foams are mixed in the liquid crystal, black display appears in areas 
coincident with the foams. The mixing of foams cannot therefore be discovered in this state. A voltage is applied to elec- 
trodes so that white display will appear When black display does not appear in any area, it is confirmed that no foam 
has mixed in the liquid crystal. However, since there is no electrode near the liquid-crystal injection port, even if foams 
are mixed in a portion of the liquid crystal near the liquid-crystal injection port, the foams cannot be discovered. If foams 
are present in this portion of the liquid crystal, there is a fear that the foams will be dispersed to deteriorate display qual- 
ity. Even the foams near the injection port must therefore be discovered. In a liquid crystal display of the present inven- 
tion, therefore, as shown in Rg. 207, an electrode 120 is formed near an injection port 101 outside a display area 121 
and' the black matric^ 34 so that mixing of foams in this portion of a liquid crystal can be detected. 

As explained above, the VA system liquid crystal display device using the domain regulating means such as the 
protrusion and the recess, the slit. etc. does not require the rubbing treatment. Therefore, contamination in the manu- 
facturing process can be drastically reduced, and a part of the washing process can be omitted. However, the negative 
type (n type) liquid crystal used has lower contamination resistance to organic materials, particularly to polyurethane 
resin and the skin, than the positive type liquid crystal that is ordinarily used, and involves the problem that display 
defect occurs. This display defect presumably results from the drop, of the specific resistance of the contaminated liquid 

crystal. , . ^. . , 

Therefore, examinations are first made as to which size of the polyurethane resin and the skin causes this display 
defect. Rgs. 205A to 205C show the VA system liquid crystal panel. After the vertical alignment film is formed on the 
two substrates 16 and 17. several polyurethane resins having a size of about 10 ^im are put on one of the substrates. 
After the spacers 45 are formed on one of the substrates and tiie seal materia! 101. on the other, the substrates are 
bonded to each other, and the panel is manufactured by charging the liquid crystal. As a result it is found out that the 
polyurethane resin 700 expands to an area of 1 5 ^m square by heat and by the formation of the cell thickness (cell gap), 
and the display defect due to contamination of the liquid crystal is recognized within the range of 0.5 to 2 mm with the 
polyurethane resin 700 as the center. • u • ^ 

Rg. 206 shows the result of tiie investigation of the contamination area of the liquid crystal by changing the size of 
the polyurethane resin 700. Assuming that no problem occurs when the display has a size of not greater than 0.3 mm 
square on the panel, the size of the polyurethane resin must be not greater than 5 jim. This also holds true of the skin. 

As desCTibed above, the polyurethane resin and the skin lower the specific resistance of the liquid crystal, thereby 
inviting the display defect Therefore, the relationship between the mixing quantity of tiie polyurethane resin and the 
drop of the specific resistance is examined. Rg. 207 shows the calculation result of frequency dependence of an equiv- 
alent circuit of the liquid crystal pixel shown in Rg. 208 by assuming the gate-on state. This graph shows ttie change of 
the effective voltagetothe frequency when the resistance is 9.1 xl0^ 9.1 xlO^^ 9.1 xlO^^and 9.1 xlO^^jnth^ 

alent drcurt of the liquid crystal pixel. It can be appreciated from the graph that the drop of the resistance value of the 
liquid crystal causes the drop of the effective voltage. It can be appreciated further that abnormal display occurs at the 
drop of the specific resistance of at least 3 digits witiiin the frequency range of 1 to 60 Hz that is associated with the 

practical display !i u **. 

Rgs. 208 and 209 are graphs showing within which time the charge once stored is discharged when the resistance 
is 9.1 X 10^°, 9.1 X 10^^ and 9.1 x 10^^^ respectively, by assuming the state where the liquid crystal pixel holds the 
charge. For r'eference. an example of the case where only tiie alignment film exists is shown, too. Because the align- 
ment film has a large resistance and a large time constant, ft hardly contributes to discharge phenomenon. Rg. 209 
shows in magnHication the portion below 0.2s in Rg. 208. It can be seen from this graph that when the liquid crystal 
resistance is lower by at least two digits, a black smear starts occurring at 60 Hz. 

It can be understood from the observation described above that tiie problem develops when the resistance drops 
by two to three digits due to the polyurethane resin and the skin. 

Next, after phenyl urethane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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liquid crystal is thereafter left standing so as to measure the specific resistance of the supernatant. It is found out from 
the result that the specific resistance drops drastically when the mixing quantity of the polyurethane resin is about 
1/1000 in ternns of a molar ratia 

It is concluded from the explanation described above that non-uniform display does not occur at the level at which 

5 the mixing quantity of the polyurethane and the skin is not greater than 1/1000 in terms of the nnolar ratia 

The embodiments of panels according to the present invention in which directions of alignment of liquid crystalline 
molecules are divided by the domain regulating means have been described so far. As already described, it is known 
that optical retardation film are available for inrproving the view angle performance. Next embodiments regarding thar- 
acteristics and annngements of the retardation films will be described. The LCD panels of these embodments have 

10 protrusions shown in Rg. 54. Namely, in the VA LCD panel, the directions of alignment of liquid crystalline molecules 
are divided into four areas in each pixel. 

Rg. 210 is a diagram showing a constitution of a prior art VA LCD. A space formed between two electroded 12, 13 
is sealed with a liquid crystal material. Thus a liquid crystal panel is completed. As shown in Rg. 210. a first polarizing 
plate 1 1 and a second polarizing plate 15 are ananged at both sides of the panel. In the VA LCD. vertical alignment 

75 films are formed on the electrodes and the liquid crystal has negative dielectric constant anisotoropy. The rubbing direc- 
tions of the two vertical alignment films are different each other by 180 degrees. Further, the rubbing directions inter- 
sects with the absorption axis of the polarizing plates. Namely, the VA LVD panel is that shown in Rgs. 7A to 7C. Rg. 
21 1 shows isocontrast curves. Rg. 212 shows viewing angle regions, in each of which gray-scale reversal occurs during 
an eight-gray-scale level driving operation in such a case. From these results, contrasts at directions of 0". 90**, 180* 

20 and 270* are low and the gray-scale reversal occurs in wide view-angle. 

Rg. 213 shows a constitution of a VA nrKxje LCD device in which protrusion patterns as illustrated in Rg. 54 are 
formed. 

Rg. 214 shows iso-contrast curves in the case of the LCD device shown in Rg. 213. Further. Rg. 215 shows view- 
ing angle regions, in each of which gray-scale reversal occurs during an eight-gray-scale-level driving operation, in the 
25 case of such a liquid crystal display device. These figures reveal that although the gray-scale reversal is improved in the 
case of this device as compared with the case of the conventional device of the VA (vertically aligned) type, the improve- 
ment on the gray-scale reversal is insufficient and that the contrast is not improved very much. 

Applicant of the present application disclosed in Japanese Patent Application No. 8-41 926/1 996 and Japanese Pat- 
ent /Application Nos. 9-29455/1997 and 8-259872/1 996. whose priority is based on the Japanese Patent Application No. 
30 8-41 926/1 996 that the viewing angle characteristics of a liquid crystal display device of the VA type, on which the align- 
ment division is performed by rubbing, are improved by providing an optical retardation film (namely, a phase differerKe 
film) therein. These Japanese Patent Applications, however, do not refer to the cases of performing the alignment divi- 
sion by protrusions, depressions (or dents) or slits respectively provided in pixel electrodes. 

In the following, conditions for further improving the viewing angle characteristics of a liquid aystal display device 
35 of the VA type, which is adapted to perform the alignment division in each pixel through the use of protrusions, depres- 
sions or slits provided in the pixel electrodes, by providing an optical retardation film therein will be described. 

First the optical retardation film used in the device of the present invention will be described hereinbelow by refer- 
ring to Rg. 216. As illustrated in Rg. 216. let n, and ny designate dielectric constantes (or indices) respectively corre- 
sponding to inpiane directions defined in a surface of tiie film. Further, let n^ denote a dielectric constant in the direction 
40 of thickness thereof. The following relation among tiie dielectric constantes n^, ny and n^ holds in the phase difference 
film to be used in the device of the present invention: n^, riy ^ n^. 

Incidentally, an optical retardation film, in which the following relation holds: 

45 ' 

has optically positive uniaxiaiity tiierein. Hereunder, such a phase difference film will be referred to simply as a positive 
uniaxial film. Axis extending in a direction corresponding to a larger one of the dielectric constantes nx and ny is referred 
to as a phase lag axis. In this case, n^ ) n^ Therefore, the axis extending in the x-direction is referred to as tiie phase 
so lag axis. Let d designate tiie thickness of the film. When light passes through tiiis positive uniaxial film, the following 
phase difference (or optical retardation) R is caused in an inpiane direction: R = (n ^ - n y)d . Hereinafter, the "phase dif- 
ference caused by the positive uniaxial film" indicates a phase difference caused in an inpiane direction. 
Moreover, a phase difference film, in which tiie following relation holds: 

has optically negative unisixiality in the direction of a normal to the surface thereof. Hereunder, such a phase differ nee 
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film will be ref rred to simply as a negative uniaxial film. Let d designate th thickness of the film. Wh n light passes 
through this negativ uniaxial film, the following phase difference R is caused in the direction of the thickness thereof: 
R a ((n X + n y)/2 - n j)d . Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direction of the thickness thereof. 

5 Furthermore, a phase difference film, in which the following relation holds: n^ > riy > n^, has (optical) biaxialrty. Here- 

under, such a phase difference film will be referred to sinrply as abiaxial film. In this case, nx ) riy. Therefore, the axis 
extending in the x-direction is refen-ed to as the phase lag axis. Let d designate the thickness of the film. When light 
passes through this positive uniaxial film, the fbilowir>g phase difference R is caused in an inplane direction: 
R = (n, - n y)d (incidentally, ) ny). Further, the phase difference R caused in the direction of the thickness thereof is 

10 predetermined by the following equation: 

R = ((nx+ny)/2-n2)d. 

Fig. 217 is a diagram showing the constitution of a liquid crystal display device which is a 52th embodiment of the 
IS present invention. 

Color filter and a common electrode (namely, what is called a full-surtace covering electrode) are formed on the liq- 
uid*CTystal-side surface of CF (Color Rlter) substrate that is one of substrates 91 and 92. Further, TFT elements, bus 
lines and pixel electrodes are formed on the liquid-crystal-side surface of TFT substrate that is the other of the sub- 
strates 91 and 92. 

20 Vertical alignment film is formed on the liquid-crystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereto through transfer printing, and by then burn the material at 180"C. Subsequently, a posi- 
tive photosensitive overcoating (or protecting) n^terial is applied onto the vertical alignment film through spin coating. 
Then, a protrusion pattern shown in Rg. 54 is formed by performing prebaking, exposure and postbaking. 

The substrates 91 and 92 are t^onded together through a spacer having a diameter of 3.5 ^m. Further, a space 

25 formed therebetween is sealed with a liquid aystal material having negative dielectric constant anisotropy. Thus a liquid 
crystal panel is completed. 

As illustrated in Fig, 217, the I'quid crystal display device, which is the 52tii emt>odiment of the present invention, 
is constituted by placing a first polarizing plate 1 1, a first positive uniaxial film 94, two substi^tes 91 and 92. a second 
positive uniaxial film 94 and a second polarizing plate 15 therein in this order. Incidentally, the first and second uniaxial 

30 films 94 are placed so that the phase lag axis of the first positive uniaxial film 94 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

Fig. 218 shows iso-contrast curves in the case that each of the phase differences Rq and R^ respectively corre- 
sponding to the first and second positive uniaxial films 61 of the 52th embodiment is set at 1 10 nm. Further. Rg. 219 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-leve! driving oper- 

35 ation in such a case. As is apparent from the comparison with Rgs. 214 and 215. a range, in which high contrast is 
otJtained, is enlarged extensively, with the result that the gray-scale reversal does not occur in the erttire viewing angle 
region. Consequentiy, the viewing angle characteristics are considerably improved. 

Incidentally, tiie viewing angle characteristics were studied by changing the retardation Rq and R^ in various ways 
in tiie case of the constitution of Rg. 217. Process of studying the viewing angle was as follows. Rrst. while changing 

40 the phase differences Rq and Ri. an angle at which the contrast (ratio) was 10, was found in each of an upper right 
direction (corresponding to an azimuth angle of 45° towards the right top), an upper left direction (correspor)ding to an 
azimuth angle of 135' towards the left top), a lower left direction (corresponding to an azimuth angle of 225* towards 
the left bottom) and a lower right direction (corresponding to an azimuth angle of 315** towards tiie right bottom) with 
respect to the liquid crystal panel, as viewed in this figure. Rg. 220 is a contour graph showing each contour that con- 

45 nects points, each of which is represented by coordinates Rq and R^ thereof and corresponds to the found angle having 
a same value. Incidentally, the contour graphs respectively corresponding to the upper right direction, the upper left 
direction, tine lower left direction and the lower right direction were the same with one another, tt is considered that tiiis 
was because four regions obtained by the alignment division were equivalerrt to one another as a result of using the 
protrusion pattern shown in Rg. 54. 

so In the case of Fig. 21 7, the angle, at which the contrast ratio is 1 0 in each of the directions respectively correspond- 
ing to the azimutii angles 45**. 135*, 225* and 315°. is 39*. This reveals that the use of the optical retardation film is 
effective in the case of the con^ination of the coordinates Rq and R^ shown in Fig. 223. Incidentally, in the case illus- 
trated in Rg. 223, the angle, at which the contrast ratio is 10. is not less ttian 39* when Rq and R^ meet the following 
conditions or requirements: 

55 

Ri < 450 nm - Rq. Rq ■ 250 nm ^ R^ ^ Rq + 250 nm. O^Rq and O^R^. 
Additionally, the retardation An -d caused in a liquid crystal was changed within a piratical range. Moreover, the 
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twist angle was changed within a range f 0 to 90*. Similarly, the optinmjm conditions for Rq and Ri were obtained. As 
a result, it was ascertained that the optimum conditions were the same as the aforementioned requirements even in 
such cases. 

Fig. 221 is a diagram showing the constitution of a liquid crystal display device which is a 53rd embodiment of th 

5 present invention. This embodiment is different from the 52nd enrbodiment in that two positive uniaxial fflms. namely, 
first and second positive uniaxial films 94 are placed between the first polarizing plate 11 and the liquid crystal panel, 
that the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
lag axis of the second positive uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 11 at right angles. 

10 Fig. 222 shows iso-contrast curves in the case that the phase dfferences Rq and respectively corresponding to 
the first and second positive uniaxial films 61 of the 52nd emtxxiiment are set at 1 10 nm and 270 nm, respectively. Fur- 
ther, Fig. 223 shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale- 
leve! driving operation in such a case. As is obvious from the conparison with Rgs. 214 and 215. a range, in which high 
contrast is obtained, is enlarged extensively. Moreover, tine range, in which the gray-scale reversal occurs, is greatiy 

75 reduced. Consequently, tiie viewing angle characteristics are considerably improved. 

Fig. 224 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences Ro and R^ of the first and second uniaxial films 94 in various ways in the case of the constitution of Rg. 221, 
similarly as in the case of the 52th embodiment. The viewing angle characteristics shown in Rg. 224 are the same as 
of Fig. 220 and are illustrated by a contour graph showing angles, at which the contrast ratio is 10, in terms of coordi- 

20 nates Rq and R^. As is seen ttierefrom, tine angle, at which the contrast ratio is 10, is not less than 39** when Rq and R^ 
meet the following conditions or requirements: 

2Ro - 170 nm ^ R^ ^ 2Ro + 280 nm, 

25 Ri ^-Ro/2 + 800nm, O^RoandO^R^. 

Further, it was ascertained that the optimum conditions were the same as the aforementioned requirements even 
in the cases where, similarly, in the case of the 53th embodiment, the retardation An -d caused in a liquid crystal was 
changed within a practical range and where, moreover, the twist angle was changed within a range of 0 to 90*. 
30 Rg. 225 is a diagram showing tiie constitution of a liquid crystal display device which is a 54th emtjodiment of tine 
present invention. 

This embodiment is different from the 52th emlxxdiment in that the first negative uniaxial film 95 is placed between 
the liquid crystal panel and the first polarizing plate 1 1 and that the second negative uniaxial film 95 is placed between 
the liquid crystal panel and the second polarizing plate 15. 
35 Fig. 226 shows the viewing angle characteristics otTtained as a result of being studied by changing the phase dif- 
ferences Rq and Ri in various ways in the case of the constitution of Rg. 225, similarly as in the case of the 52th ennbod- 
imeni The viewing angle characteristics shown in Rg. 226 are the same as of Rg. 220 and are illusti-ated by a contour 
graph showing angles, at which the contrast ratio is 1 0, in terms of coordinates Rq and R^ . As is seen therefrom, the 
angle, at which the contrast ratio is 1 0. is not less than 39** when Rq and R^ meet the following condition or requirement: 

40 

R 0 + R 1 ^ 500 nm. 

Incidentally, similariy, in the case of the 54th embodiment the retardation An • d caused in a liquid crystal and the 
upper limit to the optinrwm condition were studied by changing the retardation An • d within a practical range. Rg. 227 

45 illustrate results of this study. Let Rlc denote An • d caused in the liquid crystal. Consequentiy. the optimum value in tiie 
optimum condition for a sum of the phase differences respectively conresporxjing to the phase difference films is not 
more than (1.7xRlc + 50) nm. 

Further, alttiough tiiis characteristic condition relates to the contrast (ratio), the optimum condition for tiie gray-scale 
reversal was similarly studied. Angles, at which gray-scale reversal occurs, were found by changing the phase differ- 

50 ences Rq and R^ in the direction of the thickness of the first and second negative uniaxial films 95 in various manners 
in the constitution of Rg. 225. similarly as in the case of tine contrast ratio. Rg. 228 shows contour graphs obtained from 
the found angles, which is illustrated by using the coordinates Rq and Rv Incidentally, ttie angle, at which tiie gray-scale 
reversal occurs in the case illustrated in Rg. 215, is 52**. Thus, when the phase differences Rq arxi R^ have values at 
which the angle enabling an occurrence of the gray-scale reversal is not less than 52" in the case illustrated in Fig. 228, 

55 the phase difference film has an effect on the gray-scale reversal. In the case shown in Rg. 228, the angle, at which the 
contrast ratio is 10. is not less than 39° when Rq and R^ meet tiie following condition or requirement: 

R 0 + R , ^ 345 nm. 



55 



EP 0 884 626 A2 

Then, in the case of the 54th enrixxjiment, the relation between An caused in a liquid aystal (display) cell and 
the upper limit to the optimum condition was studied by changing th retardation An • d within a practical range. Rg. 229 
illustrate results of this study. TTiis reveals that the upper limit to the optimal condition is nearly constant independent of 
An • d caused in the liquid crystal cell and that the optimum condition for a sum of the phase differences respectively 
5 corresponding to the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is not less than 50*. Further, in view of the gray-scale 
reversal and An • d caused in the liquid aystal cell, it is preferable that a sum of the phase differences respectively cor- 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the twist angle in a range of 0 to 90°. it is found 
10 that the optimum condition was the same as the aforementioned requirement. 

A 55th embodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
films 95 from the constitution of the liquid crystal display device of Fig. 225. v^fhich is the tiiird embodiment of the present 
invention. 

Fig. 230 shows iso-contrast curves in the case that the phase difference corresponding to one of the negative 
IS uniaxial films 95 of the 55th embodiment is set at 200 nm. Further. Rg. 231 shows viewing angle regions, in each of 
which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a case. As is otwious from 
the conparison with Rgs. 214 and 215, a range, in which high contrast is otrtained, is enlarged extensively. Moreover, 
the range, in which the gray-scale reversal occurs, is greatiy reduced. Consequentiy, tiie viewing angle characteristics 
are considerably improved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condi- 
20 tion for the gray-scale reversal were studied. Results of this study reveal that it is sufficient to use a single negative 
uniaxial film having the phase difference con-esponding to a sum of the phase differences of the negative uniaxial films 
of the 54th embodiment 

Each of 56tii to 58th err*odiments of tiie present invention uses the combination of positive and negative uniaxial 
films. Although there are various kinds of modifications to the arrangement of such films, rt has been found that the con- 
25 stitutions of the f iftti to seventh embodiments have (advantageous) effects. 

Fig. 232 is a diagram showing the constitution of a liquid crystal display device which is a 56tfi embodiment of the 
present invention. 

The 56th embodiment differs from tfie 52tii errtjodiment in tfiat a negative uniaxial film 95 is used and placed 
between the liquid crystal panel and tiie first polarizing plate 1 1 instead of the first positive uniaxial film 94. 

30 Rg. 233 shows iso-contrast curves in the case that the phase difference Rq in an inplane direction in the surface of 
the positive uniaxial film 94 and the phase difference Ri in ttie direction of thickness of the negative uniaxial film 95 are 
set at 1 50 nm in tfie 56th embodiment Further. Fig. 234 shows viewing angle regions, in each of which gray-scale inver- 
sion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from tfie corrparison with 
Rgs. 214 and 215, a range, in which high contrast is ol>tained, is enlarged extensively. Moreover, the range, in which 

35 the gray-scale reversal occurs, is greatiy reduced. Consequentiy. the viewing angle characteristics are considerably 
irrproved. 

In the case of the 56th enixxliment the optimal condition for tiie contrast was studied. Rg. 235 shows results of 
this study, which reveal that the optimum condition indicated by Rg. 235 was tiie same as illustrated in Rg. 220. 

Rg. 236 is a diagram showing the constitution of a liquid crystal display device which is a 57th embodiment of tiie 
40 present invention. This embodiment is different from tiie 52th embodiment in that a positive uniaxial films 61 are placed 
between the liquid crystal panel and the first polarizing plate 1 1 and tiiat a negative uniaxial film 95 is placed between 
this positive uniaxial film 94 and the first polarizing plate 1 1 . The positive uniaxial film 94 is placed in such a manner tiiat 
the phase lag axis ttiereof intersects wrtii the absorption axis of tiie first polarizing plate 1 1 at right angles. 

Rg. 237 shows iso-contrast curves in the case tiiat tiie phase difference Rq in an inplane direction in ttie surface of 
45 the positive uniaxial film 61 and the phase difference Ri in the direction of ttiickness of the negative uniaxial film 62 are 
set at 50 nm and 150 nm in the 57tii embodiment, respectively. Further. Rg. 238 shows viewing angle regioris. in each 
of which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious 
from tiie comparison with Rgs. 214 and 215. a range, in which high contrast is obtained, is enlarged extensively. More- 
over, ttie range, in which tiie gray-scale reversal occurs, is greatly reduced. Consequentiy, tiie viewing angle character- 
so istics are considerately improved. 

Even in tiie case of the 57tii embodiment, ttie optimal condition for the contrast was studied. Rg. 239 shows results 
of this study, which reveal that the optimum condition indicated by Rg. 239 was the same as illustrated in Rg. 220, 

Rg. 240 is a diagram showing the constitution of a liquid crystal display device which is a 58th embodiment of tiie 
present invention. This embodiment is different from the 52th embodiment in ttiat a negative uniaxial films 95 are placed 
55 between tiie liquid crystal panel and ttie first polarizing plate 1 1 and tiiat a positive uniaxial film 94 is placed between 
this negative uniaxial film 95 and tiie first polarizing plate 1 1. The positive uniaxial film 94 is placed in such a manner 
that the phase lag axis thereof intersects with the absorption axis of ttie first polarizing plate 1 1 at right angles. 

Fig. 241 shows iso-contrast curves in the case tiiat the phase difference Ri in an inplane direction in ttie surface of 



56 



EP 0 884 626 A2 

the positive uniaxial film 94 and the phase difference Rq in the direction of tNckness of the negative uniaxia] film 95 ar 
set at 150 nm in the 58th emtjodiment Further, Ftg. 242 shows viewing angle regions, in each of which gray-scale inver- 
sion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from the comparison with 
Rgs. 214 and 215. a range* in which high contrast is obtained, is enlarged extensively. Moreover, the range, in which 
5 the gray-scale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics are considerably 
improved. 

Even in the case of the 58th embodiment, the optimal corvfition for the contrast was studied. Rg. 243 shows results 
of this study. wNch reveal that the optimum oorxjitton indicated by Ftg. 243 was the same as illustrated In Rg. 220. 
Rg. 244 is a diagram showing the constitution of a liquid crystal display device which is an 59th embodiment of the 
10 present invention. 

This embodiment is different from the 52nd embodiment in that a phase difference film 96, whose inplane dielectric 
constantes n^ and ny arxJ dielectric constant n^ in the direction of thickness thereof have the following relation: n^, ny ^ 
nj. is placed between the liquid crystal panel and the first polarizing plate 1 1 and that a positive uniaxial film 94 is 
removed from between the liquid crystal panel and the second polarizing plate 15. The phase difference film 96 is 
IS placed in such a manner that the x-axis thereof intersect with the absorption axis of the first polarizing plate 1 1 at right 
angles. 

Rg. 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lag axis of the phase dif- 
ference film 96. namely, n^ ) riy and that the phase difference in an inplane direction in the surface of the film and the 
phase difference in the direction of thickness thereof are set at 55 nm and 190 nm, respectively, in the 59tii embodi- 

20 ment. Further, Rg. 246 shows viewing angle regions, in each of wNch gray-scale inversion occurs during an eight-gray- 
scale-level driving operation in such a case. As is obvious from the comparison with Rgs. 214 and 215. a range, in 
which high contrast is obtained, is enlarged extensively Moreover, the range, in which the gray-scale reversal occurs, 
is greatly reduced. Consequently, the viewing angle characteristics are considerately improved. 

Incidentally, quantities R^y and Ry^ are ddined as follows: R ^y « (n ^ - n y)d ; arxJ R y^ = (n y - n 2)d . In the case of 

25 the 59th embodiment, the optimal condition for the contrast (ratio) was studied t>y changing the quantities R^y and Ry^ 
in various ways. Rg. 247 shows the found optinr^l condition for the contrast The optimum condition shown in Rg. 247 
was tiie same as the aforementioned condition (of Rg. 220). except ttnat Rq and Ri correspond to R^y and Ry^. respec- 
tively. These results reveal that the angles, at which the contrast ratio is 10. are not less tiian 39° when the quantities 
Rjty and Ry^ satisfy the following conditions: 

30 

Rjjj - 250 nm i Ryj ^ Rjj2 + 150 nm, 

Ryj 5 - R^ + 1000 nm. 

35 O^Ryz andO^R„. 

Incidentally, let Rq and R^ denote the phase difference in an inplane direction of the phase difference film 96 and 
the phase difference in the direction of thickness thereof, respectively. Thus, tine following relations hold for these phase 
differences: 

40 

Rq = (njj - ny)d = R„ - Ryx ... (in the case tinat ^ ny); 
R 0 = y * " x)*^ ° ^ yz " ^ x2 ^® ^^^^ n y ^ n ^); 

45 and 

Ryz = {("x + ny)/2 • n^)d = (R„ - Ry^)y2. 
Therefore, the optimal conditions for R^z and Ry^ are written as follows: 

50 

R 0^250 nm. R ^ ^500 nm. 

Namely, it is desirable that the inplane phase difference is not more than 250 nm and the phase difference in the 
direction of thickness of the film is not more than 500 nm and that the biaxial phase difference film is placed so that tiie 
55 phase lag axis thereof intersects witii the atjsorption axis of the adjacent polarizing plate at right angles. 

As a result of studying the relation between the retardation An • d caused in a liquid crystal cell and the upper limit 
to the oprtimal condition by changing the retardation An -d in various way within a practical range, it was found that the 
optimal condition for ttie phase difference in an inplan direction was not more than 250 nm regardless of the retarda- 
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tion An • d caused in a liquid crystal cell. In contrast, the phase difference in the direction of thickn ss deperxJs on th 
retardation An • d caused in a liquid crystal cell: Rg. 248 shows the results of the study on the relation between the retar- 
dation An • d caused in a liquid crystal ceil and the upper limit to the optimal range of the phase difference in the direc- 
tion of thickness of the film. Let Rlc denote An • d caused in the liquid crystal. Consequently, it is concluded that th 

5 optimum value in the optimal condition for the phase difference in the direction of thickness of the phase difference film 
is not more than {1.7xRlq + 50) nm. 

Incidentally, the optimal concfition in the case of a configuration, in which a plurality of phase difference films 96 
were placed in at least one of spaces formed between the liquid crystal panel and one of the first polarizing plate 1 1 
and the second polarizing plate 1 5, wNch were provided at one or tx>th of sides of the liquid crystal panel, and between 

10 the liquid crystal panel and the other thereof was studied similarly. As a result, it was found that the optinrum corxiition 
was the case where the phase difference in the inpiane direction of each of the phase difference films 96 was not more 
than 250 nm arri that a sum of the phase differences in the direction of thickness of the phase difference films 96 was 
not more than (1.7xRlc 50) nm. 

Further, as a result of studying the optimal condition similarly by changing the twist angle in a range of 0 to 90*. it 

IS was found that the optimum condition was the same as the aforementioned requirement. 
A positive uniaxial film 

20 

a negative uniaxial film 

(n^ = ) n,) 

25 

and a biaxial film (n^ ) r»y ) n J are employed as the film 96. Namely, a single or a combination of such films may be 
used. 

In the foregoing description, there has been described the optimal conditions for the phase difference film in the 
case that alignment division is performed in a pixel by providing rows of protrusions on the liquid-crystal-side of each of 
30 the two substrates composing the liquid crystal panel. However, even in the case of performing the alignment division 
by using depressions or slits formed in tiie pixel electrodes, the viewing angle characteristics can be improved on the 
similar conditions. 

Further, in the present specification, the polarizing plates have been described as ideal ones. Therefore, it is obvi- 
ous that tiie phase difference Onciderrtally, the phase difference in tiie direction of thickness of the film is usually about 
35 50 nm) caused by a film (namely. TAG (cellulose triacetate) film) protecting a polarizer should be synthesized with the 
phase difference caused by the phase difference film of the present invention. 

Namely, the provision of the phase difference film may be omitted apparently by making TAG film meet the condi- 
tions according to the present invention. However, in tiiis case, needless to say, such TAG film performs as well as the 
phase difference film of the present invention, which should be added to the device, does. 
40 The embodiments in which the present invention is inplemented in a TFT liquid crystal display have been 
d SCTibed. The present invention can also be implemented in liquid crystal displays of other types. For example, the 
present invention can be implemented in a MOSFET LCD of a reflection type but not of the TFT type or in a mode using 
a diode such as a MIM device as an active devica Moreover, the present invention can be implemented in both a TFT 
mode using an amorphous silicon and a TFT nnode using a polycrystailine silicon. Furthermore, the present invention 
45 can be implemented in not only a transmission type LCD but also a reflection type or plasma-addressing type LCD. 

An existing TN LCD has a problem that it can cover only a narrow range of viewing angles. An IPS LCD exhibiting 
an improved viewing angle characteristic has problems that a response speed it can offer is not high enough and it can- 
not tiierefore be used to display a motion picture. Implementation of the present invention can solve ttiese problems, 
and realize an LCD exhibiting the same viewing angle characteristic as the IPS LCD and offering a high response speed 
50 surpassing the one offered by the TN LCD. Moreover, the LCD can be realized merely by forming protrusions on sub- 
strates or slitting electrodes, and can therefore be manufactured readily. Besides, the rubbing step and after-rubbing 
cleaning step which are required for manufacturing the existing TN LCD and IPS LCD become unnecessary. Since 
these steps cause inrperfect alignment, an effect of improving a yield and product reliability can also be exerted. 

Since the LCD offering a high operating speed and exhibiting a good viewing angle characteristic can be realized. 
55 expansion of an application range including the application to a monitor substituting for the CRT is expected. 
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Claims 

1 . A liquid crystal display device comprising: a first substrate and a secorKi substrate processed for vertical alignment; 
and a liquid crystal having a negative dielectric constant anisotropy and being sandwiched t^etween said first and 

5 second substrates: orientations of said liquid crystal being vertical to said first and second sut>strates when no volt- 

age being applied, being alnrost horizontal to said first and second substrates when a predetermined voltage being 
applied and being ot>lique to said first and second substrates when an intermediate voHage lower than the prede- 
termined voltage bang applied. 

10 said first substrate comprising first domain regulating means for regulating azinrurths of the oblique orientations 

of said liquid crystal; 

said first domain regulating means comprising a first structure for partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

wherein the liquid crystal in the proximity of said inclined surfaces being vertically oriented to said 
15 inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 

face being determined according to the azimuths of said liquid crystal in the proximity of said inclined surface 
when said intermediate voltage being applied. 

2. A liquid crystal display device according to claim 1. wherein said first structure includes protrusions projected to a 
20 layer of said liquid crystal. 

3. A liquid crystal display device according to claim 2, wherein said protrusions are made of dielectric materials on^a 
first electrode of said first substrate. 

25 4. A liquid crystal display device according to daim 2. wherein pixel electrodes are fonned on said secorxi substrate, 
each of said protrusions extends straightly. and said protrusions are arranged in parallel to one another with a pre- 
determined pitch among them. 

5. A liquid crystal display device according to claim 4. wherein said predetermined pitch is equal to an arrangement 
30 pitch of said pixel electrodes, said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions facing to centers of said pixel electrodes. 

6. A liquid crystal display device according to claim 2. wherein pixel electrodes are formed on said secorKi substrate, 
said protrusions have point-like figures and said protrusions are arranged at positions facing to centers of said pixel 

35 electrodes. 

7. A liquid crystal display device according to daim 1 . wherein said first structure includes depressions depressed 
from a layer of said liquid crystal. 

40 S. Pi liquid crystal display device according to claim 7, wherein said depressions are provided under a first electrode 
of said first substrate, arxl a surface of said first electrode partially has inclined surfaces corresponding to said 
depressions. 

9. A liquid crystal display device according to claim 7. wherein a first electrode of said first substrate includes slits 
45 operating as domain regulating means, said depressions and said slits are mutually arranged. 

10. A liquid crystal display device according to claim 1 , wherein said first structure indudes protrusions projected to a 
layer of said liquid crystal and depressions depressed from said layer of said liquid crystal. 

so 11. A liquid crystal display device according to claim 11, wherein said protrusions and said depressions are mutually 
arranged in parallel with a predetermined pitch. 

12. A liquid crystal display device according to claim 1 , wherein area of said inclined surfaces in each pixel is less than 
50% of area of the pixel. 

55 

13. A liquid crystal display device according to claim 1 . wherein said second substrate comprising second domain reg- 
ulating means for regulating azimuths of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for p)artially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

5 15. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include depressions depressed from a layer of said liquid 
crystal. 

10 16. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, one of said first and second structures includes protrusions projected to a layer of said liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

IS 1 7. A liquid crystal display device according to claim 1 3, wherein said second domain regulating means is slits provided 
on a second electrode of said second si^jstrate. and said first structure includes protrusions projected to a layer of 
said liquid crystal. 

1 & A liquid crystal display device according to claim 1 3, wherein said second domain regulating means is slits provided 
20 on a second electrode of said second substrate, and said first structure includes depressions depressed from a 
layer of said liquid crystal. 

19. A liquid crystal display device according to claim 13, wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liqukJ crystal to 

25 inclined surfaces, and said first arKl second structures respectively include a pair of protrusions and depressions 
depressed from a layer of said liquid crystal. 

20. A liquid crystal display device according to claim 1 9, wherein said protrusions and depressions on each substrate 
are mutually arranged in parallel with pitches of one and three, said protrusions and depressions of said first and 

30 seoorxj substrates are arranged in parallel to each other ard are arranged so that said protrusions and depressions 
face wide spaces corresponding to large pitch, and protrusions and depressions of different substrates respectively 
neighbor. 

21. A liquid crystal display device according to claim 13. wherein said first structure includes depressions depressed 
35 from a layer of said liquid crystal, a first ejectrode of said first substrate includes slits, said second dornain regulat- 
ing means comprises a second structure including depressions depressed from a layer of said liquid crystal and 
slits provided on a second electrode of said second substrate. 

22. A liquid crystal display device according to claim 21, wherein said depressions and slits on each substrate are 
40 mutually arranged in parallel witii pitches of one and three, said depressions and slits of said first and second sub- 
strates are arranged in parallel to each other and are arranged so that said depressions and slits face wide spaces 
corresponding to large pitch, and protrusions and depressions of different sut^strates respectively neighbor. 

23. A liquid crystal display device according to claim 13. wherein said second donnain regulating means comprises a 
45 second structure provided on said second substi-ate for partially changing a contact surface between said second 

substrate and said liquid crystal to inclined surfaces. 

24. A liquid crystal display device according to claim 23, wherein said first arxJ second structures are made of dilerectric 
materials on electrodes of said first and second substrates. 

so 

25. A liquid crystal display device according to claim 23, wherein said first and second structures are made of conduc- 
tive materials on electrodes of said first and second substi-ates. 

26. A liquid crystal display device according to claim 23, wtierein said first and second structures are provided under 
55 electrodes of said first and second substrates, and surfaces of said electrodes partially have inclined surfaces cor- 
responding to said first and second structures. 

27. A liquid crystal display device according to claim 23. wh rein said first and second structures are arranged perimet- 
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ric portions outside of display area in which no pixel exists. 

28. A liquid crystal display device according to claim 24. wherein said dielectric material forming said first and second 
structures is photosensitive resist 

2d. A Ttquid crystal display device according to claim 28, wherein said photosensitive resist is a novolak resist. 

30. A liqukl crystal display device according to claim 28. wherein said photosensitive resist is baked after a pattern is 
drawn. 

31 . A liquid aystal display device according to claim 24. wherein the capacitance of said first and second structures is 
ten or less times larger than the capacitance of a layer of said liquid crystal located under or near said protrusiorts. 

32. A liquid crystal display device according to daim 24, wherein the specific resistance of said first and second struc- 
tures is equal or larger than the specific resistance of said liquid crystal. 

33. A liquid crystal display device according to claim 24. wherein said first arxi second structures include protrusions 
projected to a layer of said liquid crystal, and said protrusions are made of material shielding visit)le tight. 

34. A liquid crystal display device according to daim 24, wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, arxj said protrusions are provided with dents each having a slope in a lon- 
gitudinal direction. 

35. A liquid crystal display device according to daim 24, wherein said first and second structures indude protrusions 
projected to a layer of said liquid crystal, and Juts each partly having a slope in a longitudinal direction are formed 
on said protrusions. 

36. A liquid crystal display device according to daim 24, wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, ard center portions of said protrusions are depressed. 

37. A liquid crystal display device according to daim 24, wherein said first and second structures indude protrusions 
projected to a layer of said liquid crystal, and said protrusions include a plurality of small holes extending near to 
the surface of said electrodes. 

38. A liquid crystal display device according to daim 24, wherein said first and secofKl structures include ion absorption 
ability. 

39. A liquid crystal display device according to daim 38. wherein said first and second structures are made of materials 
added with addition agent having ion absorption abilities. 

40. A liquid crystal display device according to daim 24, wherein said first and second structures include protrusions 
projected to a layer of said liquid crystal, and the surfaces of said protrusions is treated so as to be adapted for 
forming vertical alignment filnre thereon. 

41 . A liquid crystal display device according to daim 40. wherein said surface treatment to the surfaces of said protru- 
sions is effected for forming ruggedness. 

42. A liquid crystal display device according to claim 40. wherein said protrusions are ma6e of resist, and said surface 
treatment to the surfaces of said protrusions is effeded for irradiating with ultraviolet rays to the surfaces of said 
protrusions. 

43. A liquid crystal display device according to daim 40. wherein said pxotrusions are made of materials in which par- 
ticulates are dispersed. 

44. A liquid crystal display device according to claim 40. wherein silane coupling agent is coated on the surfaces of said 
protrusions. 

45. A liquid crystal display device according to daim 24, wherein said first and second structures are formed by print- 
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ing. 

46. A liquid crystal display device according to claim 24. wherein said first and second strtx:tures includes protrusions 
projected to a layer of said liquid crystal, a diameter of spherical spacers difining a thickness of said layer of sa liq- 

5 uid crystal is a difference subtracted a height of said protrusions from a desirable thickness of said liquid aystal 

layer. 

47. A liquid aystal display de^ce according to claim 46. wherein a ratio of area of said protrusions with respect to ds- 
play area is between 1/10 to 1/2, said spacers have a particle size distribution whose standard deviation is 0.1 to 

10 0.3 micrometers, and said spacers are dispersed with a density of 300 particles per square millimeter 

48. A liquid crystal display devk:e according to claim 46, wherein hardness and elastic nxxjulus of the material forming 
said protrusions are larger than those of said spacers. 

IS 49. A liquid crystal display device accorcfing to claim 24, wherein said first and second structures includes at least one 
layer simultaneously formed with other portions of the device. 

50. A liquid crystal display device according to claim 49. wherein one of said first and second structures, which is on a 
TFT substrate on which active elements are formed, includes at least one insulating layer lor insulating said active 

20 elements or bus lines. 

51. A liquid crystal display device according to claim 49. wherein one of said first arxi secord structures, which is on a 
color fitter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 
jected to a layer of said liquid crystal, and said protrusions on said CF substrate is made of materials same as mate- 

25 rials of black matrices for shielding light at boundaries between pixel electrodes and bus lines or portions of active 
elements. 

52. A liquid aystal display device according to claim 51. wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 

30 jected to a layer of said liquid crystal, and said protrusions on said CF substrate are formed by piling at least one 
material of color filters. 

53. A liquid aystal display device according to claim 51, wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 

35 jected to a layer of said liquid crystal, said protrusions on said CF substrate are forrhed by photo lithography with a 
mask corresponding to piled portions of at least two color filters. 

54. A liquid crystal display device according to claim 51, wherein one of said first and second structures, which is on a 
color filter (CF) substrate facing a TFT substrate on which active elements are formed, includes protrusions pro- 

40 jected to a layer of said liquid crystal, an electrode of said CF sulastrate is formed on color filters, and said protru- 
sions on said CF substrate are formed at bourxfaries of said color filters. 

55. A liquid crystal display device according to claim 23. wherein a part of said first and second structures are arranged 
at a perimeter of each pixel. 

45 

56. A liquid crystal display device according to claim 55. wherein said first and second structures an-anged at a perim- 
eter of each pixel are made of material shielding light. 

57. A liquid crystal display device according to claim 55. wherein said first and second structures an-anged at a perim- 
50 eter of each pixel define a thickness of a layer of said liquid crystal. 

58. A liquid aystal display device according to claim 55, wherein the perimeter at which said first and second structures 
are aranged is a part of whole perimeter of each pixel. 

55 59. A liquid crystal display device according to claim 23. wherein at least one of said first and second structures 
includes protrusions projected to a layer of said liquid crystal, height of said protrusions is equal to a desirable thick- 
ness of a layer of said liquid crystal. 
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60. A liquid crystaJ display devic according t claim 23. wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a sum of height of said protrusi ns of said first and h ight of said protru- 
sions of said second structures is equal to a desirat>ie thickness of a layer of said liquid crystal. 

61. A liquid crystal display des^ice according to claim 13. wherein said second domain regulating means includes slits 
provided on a secorxl electrode of said second substrate. 

62. A liquid crystal display device according to claim 61. wherein said second electrode consists of pixel electrodes, 
and each pixel electrode comprises partial electrodes divided by said slrts and electrical connection portions elec- 
trically connecting said partial electrodes. 

63. A liquid crystal display device according to claim 62. wherein said electrical connection portions are arranged at 
perimeter of said pixel electrode. 

64. A liquid aystal display device according to claim 62, comprising light shield means for shielding a part of said elec- 
trical connection portions. 

65. A liquid crystal display device according to claim 62, wherein said secorxj domain regulating means includes pro- 
trusions higher than surfaces of said pixel electrodes and an-anged inside said slits. 

66. A liquid crystal display device according to claim 13. wherein said first structure is an array of protrusions (t)anks) 
or depressions (grooves) each extending straightly. said protrusions or depressions are arranged in parallel to one 
another with a predetermined pitch among them, second domain regulating means includes an array of protrusions 
or depressions or slits each extending straightly, said protrusions, depressions or slits are arranged in parallel to 
one another with said predetermined pitch among them, said predetermined pitch is less than an arrangement 
pitch of said pixel electrodes. 

67. A liquid crystal display device according to claim 13, wherein said first structure is a pair of arrays of protrusior^ 
(banks) or depressions (grooves) each extending straightly. said protrusions or depressions are arranged in parallel 
to one another with a predetermined pitch among them, second domain regulating means includes a pair of arrays 
of protrusions or depressions or slits each extending straightiy, said protrusions, depressions or slits are arranged 
in parallel to one another with a predetermined pitch among them, directions in which said protrusions or depres- 
sions or slits of said pairs extend are different to each other, and said predetermined pitches are less than an 
arrangement pitch of said pixels. 

68. A liquid crystal display device according to claim 67, wherein said directions in which said protrusions or depres- 
sions or slits of said pairs extend are mutually different by 90 degrees. 

69. A liquid crystal display device according to claim 67, wherein said first structure includes protrusions, said second 
domain regulating means includes protrusions or slits, protrusions or slits of one of said pairs are mutually offset by 
a half of said predetermined pitch, protrusions or slits of the other of said pairs are a littie offset from a state in which 
said protrusions or slits face. 

70. A liquid crystal display device according to any one of claims 66 to 69. wherein said predetermined pitch is an inte- 
gral submultiple of arrangement pitch of said pixels. 

71. A liquid crystal display device according to daim 13. wherein said first structure is an array of protrusions (thanks) 
or depressions (grooves) each extending in one direction and being bent in zigzag at intervals of a predetermined 
cyde. said protrusions or depressions are arranged in parallel to one another with a predetermined pitch among 
them, second domain regulating means indudes an array of protrusions or depressions or slits each extending in 
one direction and being bent in zigzag at intervals of said predetermined cycle, said protrusions, depressions or 
slits are ananged in parallel to one anotiier witfi said predetermined pitch among them. 

72. A liquid crystal display device according to claim 71 , wherein pixel electrodes are bent in zigzag, and patterns of 
said protrusions, depressions or slits correspond to said pixel electrodes. 

73. A liquid crystal display device according to daim 71. wherein bus lines are partially bent in zigzag and in con-e- 
spondence to the pxatterns of said pixel electrodes. 
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74. A liquid crystal display des^ic according to claim 71 . wherein a patt rn of each pixel electrode is alrrx^st a squar . 
and pixel electrod s in adjoining row ar mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to daim 74, wherein data bus lines extend in zigzag along with edges of 
said pixel electrodes. 

76. A liquid crystal display device according to claim 71 . wherein said predetermined pitch is an irrtegral subrmiltiple of 
said pixels. 

77. A liquid crystal display device according to daim 76, wherein said predetermined cyde is an integral submultiple of 
said pixels 

78. A liquid crystal display device according to any one of claims 66. 67 or 71 , wherein said first structure indudes pro- 
trusions, said second domain regulating means includes protrusior^ or slrts, said protrusions of said first structure 
and said protrusions or slits of said second domain regulatir>g means are offset by a half of said predetermined 
pitch. 

79. A liquid crystal display device according to any one of claims 66. 67 or 71, wherein said first structure indudes pro- 
trusions, said second domain regulating means includes protrusior^ or slits, said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset from a state in which said protru- 
sions or slits face, and said offset is fully smaller than said predetermined pitch. 

80. A liquid crystal display device according to any one of claims 66. 67 or 71, wherein said first structure indudes 
depressions, said second domain regulating means indudes depressions, said depressions of said first structure 
and said depressions of said second domain regulating means are offset by a half of said predetermined pitch. 

81 . A liquid crystal display device according to any one of claims 66. 67 or 71 , wherein said first structure indudes 
depressions, said second domain regulating means includes protrusions or slits, said depressions of said first 
structure and said protrusions or slits of said second domain regulating means are arranged to face to each other. 

82. A liquid crystal display device according to daim 1. wherein said first structure indudes protrusions, a liquid crystal 
injection port through which said liquid crystal in injected into a gap between said first and second substrates is 
located on a side of said device vertical to a direction in which said protrusions are extending. 

83. A liquid crystal display device according to daim 82. wherein exhaust ports through which an air or liquid crystal rs 
exhausted from the gap when said liquid crystal is injected are located on a side opposite to the side on which said 
liquid crystal injection port is located. 

84. A liquid crystal display device according to daim 82, wherein an electrode used to apply a voltage to said liquid 
crystal and having no relation to display is formed near said liquid crystal injection port 

85. A liquid crystal display device according to daim 23, wherein said first structure indudes protrusions formed a 
two-dimensional lattice, said second structure include point-like protrusions respectively facing centers of each 
frame element of said two-dimensional lattice. 

86. A liquid crystal display device according to claim 85. wherein at least one of arrangement pitches of said two- 
dimensional lattice is smaller than one of arrangement pitches of pixel electrodes. 

87. A liquid crystal display device according to daim 85. wherein arrangement pitches of said two-dimensional lattice 
coincide with arrangement pitches of pixel electrodes. 

88. A liquid crystal display device according to claim 86. wherein said protrusions having said two-dimensional lattice 
form are arranged on boundaries of pixel electrode on a TFT substrate on which active elements are formed, and 
said point-like protrusions are arranged on a color filter substrate fadng said TFT sutjstrate so that each point-like 
protrusion faces to a center of each pixel electrode. 

89. A liquid crystal display device according to daim 23. wh ren said first and second structures includes a plurality of 
groups each having protrusions extending along edges of rectangulars of similar figures and of different sizes, and 
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said protrusi ns are mutually airanged so that certers of respective rectangularc coincid to ach ttier. 

90. A liquid crystal display device according to claim 89. wherein said rectangulars are similar to said pixels, a maxi- 
mum size of said rectangular coincides with that of each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. 

91. A liquid crystal display device according to claim 13. comprising auxiliary domain regulating means arranged 
perimeters of each pxel for generating orientation regulation force in a direction different from the direction of ori- 
entation regulation force by the electric field generated In a non-display region. 

92. A liquid crystal display device according to claim 91 . wherein said auxiliary domain regulating means is arranged 
along a part and in the neighborhood of an edge of said pixel. 

93- A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
protrusions projected to a layer of said liquid crystal, pixel electrodes are provided on said first substrate, a counter 
electrode is provided on said second electrode, and at the edges of each pixel electrode extending in parallel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode inside said pixel electrode are 
located on said second substrate, and the protrusions nearest to the pixel electrode outside said pixel electrode are 
located on said first substrate. 

94. A liquid crystal display device according to daim 93, wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
arrays of protrusions projected to a layer of said liquid crystal, and in said an-ay of protrusions, at least one repeti- 
tion condition of the array such as the width of the protrusions, the interval between adjacent protrusions and the 
height of the protrusions indudes at least two different values. 

96. A liquid crystal display device according to daim 95. wherein the interval between adjacent protrusions is smaller 
in the neighborhood of the bus line than at the central portion of the pixel. 

97. A liquid crystal display device according to claim 95, wherein a plurality of pixels constitute a set of pixels, at least 
one of the width of the protrusions, the interval between adjacent protrusions and the height of the protrusions is 
different among a plurality of pixels constituting each set of pixels, and the width of the protrusions, the interval 
between adjacent protrusions and the height of the protrusions are fixed in each pixel. 

98. A liquid crystal display device according to claim 97, wherein the thickness of the layer of said liquid crystal is dif- 
ferent at the plurality of pixels constituting tiie set 

99. A liquid crystal display device according to daim 23, wherein said first and second domain regulating means are 
an-ays of protrusions projected to a layer of said liquid crystal, and said array of protrusions indudes periodically- 
repeated proti-usions having two or more different values of side surface inclination angles (taper angles). 

100. A liquid crystal display device according to claim 99, wherein a plurality of pixels constitute a set of pixels, the side 
surface inclination angle of a protrusion Is varied from one pixel to another in each pixel set, and the side surface 
inclination angle of the protnjsion in each pixel is fixed. 

101 .A liquid crystal display device according to claim 13. comprising auxiliary electrodes (CS electrodes) for forming a 
storage capacitor witfi pixel electrodes, wherein said auxiliary electrodes are formed along of said domain regulat- 
ing means. 

102. A liquid crystal display device according to claim 13. comprising light shielding patterns provided along of said 
domain regulating means. 

103. A liquid crystal display device according to claim 13. wherein said first structure is a first array of protrusions 
(banks) each extending straightly in a first direction, said protrusions are arranged in parallel to one another with a 
predetermined first pitch among them, said second domain regulating means includes a second array of protru- 
sions or slits each extending straightly in a second direction different from the first direction, said protrusions or sJits 



65 



EP 0 884 626 A2 

are arranged in parallel to ne another wHh a predetermined second pitch among them. 

104.A liquid crystal display device according to claim 103. wherein additior^l protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first an^y of protrusions and said 
5 second array of protrusiorrs or slits, on either of said first or second sut>strate. 

105J\ liquid crystal display device according to daim 104. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 

10 t06J< liquid crystal display device according to claim 1 03* wherein said first array of protrusions and said secorxj anray 
of protrusions or slits are aossed at right angle when vertically seen to the substrates. 

107.A liquid aystai display device according to claim 1 03. wherein a sum of a thicknesses of said protrusion of said first 
array and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of said liquid crys- 
75 tal. and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108JV liquid crystal display device according to claim 13. wherein said first structure includes protrusions formed with a 
first two<limensional lattice, said second domain regulating means includes protrusions or slits formed with a sec- 
ond two-dimensional lattice having same array pitches as those of said first twa<iimensiona) lattice, and sard first 
20 and second two-dimensional lattices are offset by half pitches of said array pitches. 

109. A liquid crystal display device according to claim 108. wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermrtten. 

25 

110. A liquid crystal display device according to claim 23. wherein said first and second structures include protrusions 
(b»anks) of dielectric materials each extending straightly in one direction, said protrusions are arranged in parallel 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. 

30 

111. A liquid crystal display device according to claim 1 10, wherein said dielectric materials forming said protrusions 
passes visual light. 

1 1 2. A liquid crystal display device according to daim 1 10, wherein said protrusions of different substrates are arranged 
35 so that slopes of said protrusions on which no electrode is formed are nearer to each other. 

113. A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment; 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates; orientations of said liquid crystal layer being vertical to said first and second sut)strates when 

4o no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied. 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 

45 of the oblique orientations of said liquid crystal; 

said first domain regulating means includes a first array of protrusions (walls) each extending straightly in a first 
direction, said protrusions are arranged in parallel to one another witii a predetermined first pitch among them; 
said second domain regulating means includes a second array of protrusions or slits each extending straightly 
in a second direction different from the first direction, said protrusions or slits are arranged in parallel to one 

so another with a predetermined second pitch among tiiem. 

114. A liquid crystal-display device according to daim 1 13, wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or secorxd substrate. 

55 

115. A liquid aystai display device according to daim 114. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 
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1 1 6 JV liquid aystal display device according to claim 1 1 3, wherein said first array of protrusions and said second array 
of protrusions or sirts ar crossed at right angle when vertically seen to the substrates. 

1 1 7^ liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment; 
and a liquid crystal having a negative anisotropic dielectric constant and t>eing sandwiched between said first and 
second sutsstrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and secorKi substrates when an intermediate voltage lower than the 
predetermined voitage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid crystal: 

said first domain regulating means includes an array of protrusions (banks) or depressions (grooves) or sirts 
each extending in a direction and being bent rn zigzag at intervals of a predetermined cycle, said protrusions 
or depressions are arranged in parallel to one another with a predetermined pitch among them; 
second domain regulating means includes an array of protrusions or depressions or slits each extending in 
said direction^and'being bent in zigzag at intervals of said'predetermined'cyclersai^ depressions 
or slHs are arranged in parallel to one another with said predetermined pitch among them. 

11 8 liquid crystal display device according to claim 117. wherein said predetermined pitch is an integral submulttple 
of said pixels. 

119JV liquid crystal display device according to daim 117, wherein said predetermined cycle is an integral submuttiple 
of said pixels. 

120.A liquid aystal display device according to claim 117. wherein said protrusions or depressions or slits of said first 
and secons sut^strates are offset by a half of said predetermined pitch. 

121^ liquid aystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on tiie surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said sut>strates 
when no voltage is applied across said liquid aystal, and are nearly horizontal when a voltage is applied across 
said liquid aystal. and are nearly oblique when a voltage t>«ng less than a predetermined voltage is applied 
aaoss said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that at»sorption axes 
thereof intersect with each other at right angles; and 

at least one phase difference film having optically inplane positive uniaxiality. placed in at least one of spaces 
formed between said liquid aystal panel and one of said first and second polarizing plates, which are provided 
at one or both of the sides of said liquid crystal panel, and between said liquid aystal panel and the other 
thereof. 

1 22^ liquid aystal display device, characterized by corrprising: 

a liquid aystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on ttie surfaces of which a vertical alignment 
treatment is perfamed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied aaoss said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid aystal. and are nearly oblique when a voltage being less ttnan a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and sitts formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less tiian the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
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tions in each pixel; 

first and second polarizing plat s placed at both sides of said liquid crystal panel so that atssorption axes 
thereof intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first arxl sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

^2ZJK liquid crystal display device, characterized by comprisirig: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sarxJwiched 
between two substrates, namely upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is applied across 
said liquid aystal. and are neariy oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sut> 
strata and in which, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: 

a first phase difference film having optically inplane positive uniaxiality, placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said second polarizing plate. 

124.A liquid aystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orierttations of said liquid crystal are nearly vertical alignment to said sut> 
strates when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are neariy otslique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a conv 
bination of protrusions, depressions arxi slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at tx>th sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles: 

a first phase difference film having optically inplane positive uniaxiality, placed between said liquid crystal panel 
arxi said first polarizing plate so that a phase lag axis thereof intersects with the at>sorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof, placed 
between said first phase difference film and said first polarizing plate. 

125^ liquid aystal display device, characterized by conprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
ti'eatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are neariy horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions arxj si its formed in electrodes is provided on a surface of at least ne of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
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said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at fc»th sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference film having optically inplane positive uniaxiaiity. placed between said liquid aystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a secorKi phase difference film haying optically negative uniaxiaiity in a direction of thidciess thereof, placed 
between said liquid crystal panel and said first polarizing plate. 

126^ liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constarrt anisotropy is sandwiched 
between two substrates, namely, upper and lower sut>strates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are neariy horizontal when a voltage is 
applied across said liquid crystal, and are neariy oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a conv 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
said two substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

at least one of phase difference films, whose inplane dielectric constantes n^ and ny and dielectric constant 
in a direction of thickness thereof have the following relation: n^, ny ^ n^, which is placed in at least one of 
spaces between said liquid crystal panel and one of said first and second polarizing plates and between said 
liquid crystal panel and the other thereof. 

127>A liquid crystal display device, characterized by connprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower sut^strates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are neariy vertical alignment to said sut> 
strates when no voltage is applied across said liquid crystal. arxJ are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which, when a voltage being less than the predetermined volt- 
age is applied across said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused 
in a plurality of directions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

at least one phase difference film having optically inplane positive uniaxiaiity, placed in at least one of spaces 
formed between said liquid crystal panel and one of said first and second polarizing plates, which are provided 
at one or both of the sides of said liquid crystal panel, and between said liquid crystal panel and the other 
tiiereof- 

128.A liquid crystal display device, characterized by conprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constarrt anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are neariy vertical alignment to said sut>- 
sti-ates when no voltage is applied across said liquid crystal, and are neariy horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which, when a voltage being less than ttie predetermined volt- 
age is applied across said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused 
in a plurality of directions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each otiier at right angles; and 
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at least one of phase difference fOnns each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of th sides of said liquid crystal panel, and between 
said liquid crystal panel and the other thereof. 

5 

1 29 liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper arid lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 
when a voltage smaller than said predetermined voltage is applied, wherein one of said two pieces of color filter 
w substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions; 
a transparent electrode formed on said color decomposition filters; and 
IS a light-shielding film formed at any position on said transparent electrode. 

130.A liquid crysteil display device in which negative-type liquid crystal is held between an upper and lower substrates 
of which the surfaces are vertically oriented, said liquid crystal is oriented nearly vertically when no voltage is 
applied, oriented neariy horizontally when a predetermined voltage is applied, and are oriented aslant when a volt- 
20 age smaller than said predetermined voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1000. 

131 .A liquid crystal display device according to claim 130, wherein each contamination element of the mixed poly- 
urethane or skin has an area smaller than 5 jim x by 5 jim. 

2S 

1 32.A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, a pro- 
trusion tiiat works as a domain regulating means to so restrict that said liquid crystals are oriented in a plurality of 
aslant direction in each pixel when a voltage smaller than a predetermined voltage is applied, comprising: 

30 a step of forming a protrusion after electrodes have been formed on the surface of said substrate; 

a step of treating the surface of said protrusion to facilitate ttie formation of a vertical alignment fOm; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes have been 

formed, of which the surface has been treated, and which includes said protrusion. 

35 1 33.A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32, wherein rug- 
gedness is formed on ttie surface of said protrusion by a plasma ashing treatment in the step of treating the surface 
of said protrusion. 

134. A process for producing a sufc>strate for vertically oriented liquid crystal display according to claim 132. wherein rug- 
40 gedness is formed on the surface of said protrusion by an ozone ashing treatment in the step of treating the surface 

of said protrusion. 

1 35. A process for producing a substrate for vertically oriented liquid aystal display according to claim 1 32, wherein rug- 
gedness is formed on the surface of said proti-usion by washing with a brush in the step of treating the surface of 

45 said protrusion. 

1 36. A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein rug- 
gedness is formed on the surface of said protrusion by rubbing in the step of treating the surface of said protrusion. 

50 1 37. A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 32. wherein said 
protrusion is irradiated wrtii ultraviolet rays in the step of treating the surface of said protrusion. 

138. A process for producing a substrate for vertically oriented liquid crystal display according to claim 132, wherein 
silane coupling agent is coated onto the substrate on which said protrusions are formed in the step of treating the 

55 surface of said protrusions. 

1 39. A process for producing a substrate for vertically oriented liquid aystal display according to claim 1 32. wherein said 
protrusions are treated to foam in the step of treating the surface of said protrusions. 
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140.A process for produdng a substrate for vertically oriented liquid crystal display accordng to claim 139. wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surface of said protrusions. 

141^ process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, pro- 
trusions that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, conrprtsing: 

a step of coating resin after electrodes are formed on tiie surface of the substrates; 
a step of scattering particulates on the surface of the resin: 
a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which tiie electrodes and the pro- 
trusions have been formed. 

1 42^ process for producing a substi-ate for verb'cally oriented liquid crystal display having, on tiie surface thereof, walls 
that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a vottagis is applied, comprising: 

a step of forming sets of two walls neightx)ring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof; and 
a step of forming a vertical alignment film on the surface of said sut>strate on which the electrodes and the pro- 
trusions have been formed. 

143^ process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented oblique when a voltage smaller than said pre- 
determined voltage is applied, said color filter substrate having plural kirKls of color decomposition filters formed on 
a transparent support mender for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other among said plural kirxJs of color decomposition fitters; 
a step of applying a positive-type photosensitive resin; and 

a step of developing said negative-type photosensitive resist after said positive-type photosensitive resist Is 
exposed, through said colored members, to light with which said positive-type photosertsitive resist is photo- 
sensitized, said light having a wavelength ttiat transmits very less through the portion where said two or more 
color deconposition filters are superposed tiian through other portions. 

144. A process for producing a color filter substrate according to claim 143, further comprising a step of forming a trans- 
parent and flat layer after said plural kinds of color decomposition filters have been formed. 

145. A process for produdng a color filter substrate according to claim 143. wherein said positive-type photosensitive 
resist has light-shielding property. 

1 46. A process for producing a color fiKer subsfrate tiiat is used as one of the two pieces of substrates for a liquid aystal 
display device in which liquid crystals are oriented neariy vertically when no voltage is applied, oriented nearly hor- 
izontally when a predeta-mined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on a 
transparent support men*er for each of the regions, comprising: 

a step of forming plural kinds of color decompx^sition fitters on the transparent support mernber for each of the 
regions: 

a step of forming a transparent electrode on said color decomposition fitters; and 
a step of forming a light-shielding film at any position on said transparent electrode. 

147. A process for producing a color filter substi^te according to daim 146. wherein said step for forming the light- 
shielding film comprises: 

a step of applying a photosensitive resist onto said liglit-shielding film which includes said transparent elec- 
trode; 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern; and 

a step of annealing said photosensitive resist that is left on said light-shielding film after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 

148.A process for producing a color fitter substrate according to daim 146, further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode wHch includes said 
fight-shieldir^ film after the step of forming said light-shielding f am; 

a step of developing said negative-type photosensitive resist after said negative-tyjDe photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding f3m after the developing; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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